OCTOBER, 1949 


The 


4 


There are warning signals in welding shops 
that ore sometimes overlooked by busy 
executives. These signals mean lost arc time 
that almost invariably results in wasted man- 
hours, lowered production and less profit 
from the welding process. Heat belongs in 
the welding arc and no other place; when 
it appears elsewhere in the welding circuit, 
it is @ signal that says, “Something is 
wrong.” TWECO cable connections will 
improve your profit picture. Write for our 
“Causes and Cures” bulletin on this problem. 


2 HUSKY MEMBERS 
of a sturdy welding family 


TWECO stands guard 
over welding profits 


lt is importont thot the holder be cool running to avoid blistered operator hands and 
lost man-hours — TWECOTONG is the answer. There is a TWECOTONG for every 
job. Four models give a range of sizes to fit the rod and amperage needed. 
Unnecessary operator fatigue is avoided if you “Job-select’ your holder from the 
Twecotong line. Remember, too, that TWECOTONG'S tough fiberglas insulation is 
quickly replaceable when arc-charring or natural wearout occurs long lasting 
Super-Mel tip insulation is available at small extra cost where heats are extreme 
and service is severe. Switch to TWECOTONG for increased welding efficiency. 


A welding circuit is a pipeline for electric current; it 
can no more operate efficiently with poor connections 
thon your gorden hose at home. Poor connections are 
@ menace to production and profits. If you “Weld with 
Tweco you operate at maximum efficiency from the 
ground to the holder. 


Model - Mode! A-14 Model A-316 Mod A-532 
500 AMPS 250 AMPS 200 AMPS 
for 3/8-3/32" rod f for 3/16-1/16" rod for 5 32-1/16" rod 


$6.50 $5.0 $4.75 $4.50 


Prices slightly higher with heavy duty ‘‘SUPER-MEL"’ insulation 


It is important to have a solid ground connection that is quickly removable and 
TWECOTONG 
end HOL.GRIP easily attached again to the work. INSIST on Tweco Redhead Ground Clamps for 
Electrode Holders this purpose. TWECO Redhead Ground Clamps have powerful jaw grip for positive 
contact, easy-on cable clamps, welded jaw shunts in the larger sizes, insulated 
springs and high copper alloy construction. A size for every work requirement. 


Redhead Model Amp. Capacity Cable Capacity Price 
Midget 125 Ampere No. 6, 4, 2 $1.50 


CARBON dr 300 Ampere 4, 2, 1, 1/0 3.00 
Sr. 500 Ampere 1/0 thru 40 4.50 
TERMINAL Write for Quantity prices. They save you 10 to 27% 


Connectors 


REDHEAD Write for Twecolog <7 giving data and prices on the complete TWECO line of 
Pan an comes = electrode holders, ground clamps and cable connections for electric welding 


CABLE SPLICERS 


Ground Clamps 
MANUFACTURERS OF ELECTRODE 
HOLDERS @ GROUND CLAMPS 
@ CABLE CONNECTIONS 
FOR ELECTRIC WELDING 


rwecotuas W PRODUCTS COMPANY 


ENGLISH AT IDA @ WICHITA 1, KANSAS 


YOUR FWECO DISTRIBUTOR CAN SUPPLY YOU 
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big and rugged... 


— welds anywhere! 


Compare, value for value. And you'll 
understand why Hobart Arc Welders are 
the choice of those who know on- 
the-job welding costs best. 
Liberal design and conservative ratings 
mean faster, better welding—cooler 
running and longer life. Ability to meet 
heavy overloads for longer periods 
assures trouble-free performance, lower 


operating costs. Exclusive controls and 
features of convenience make it easiest 
of all to operate. Made in all sizes 
with or without auxiliary A.C. or D.C. 
power. Mail coupon for full story. 


“Banvam 


m Champ”’—a low cost welder 
d get to the profitable outside 
d.c. welder offers one of the 
ment. Check cou- 


Here’s the new “Banta 
that’s easy to handle an 
jobs. This new gas drive 
biggest values today in welding equip 
pon for complete information. 
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— ts of the world’s largest builders of arc welders” 


HOBART BROTHERS COMPANY, Box WJ-109, TROY, OHIO 


Please send more information on HOBART ARC WELDERS of 
—_____amp. capacity and other items checked: Guide 


to Better Welding”’ 
) Gas Drive D. C. Welders |) A. C. Transformer Welders for those using this 


Compare Hobart electrodes on your work ! (LD Gas Drive A. C. Welders [_] Electric Drive D. C. Welders coupon. 


CD Gas Drive “Bantam Champ" (_] Hobart Welding Electrodes 
You'll find the speed and uniformly high quality in NAME 

Hobart Electrodes guarantees more feet of sound, de- a 
pendable welds at lower cost. Samples on request. FIRM 


SEE THE HOBART EXHIBIT SPACE 9544 
NATIONAL METAL EXPOSITION ADDRESS. 
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ACCESSORIES TO 
THE PERFECT WELD 


More and more fabricators—sold on the smooth per- 
formance of M & T’s “SELECT 70"* group of arc welding 
electrodes and the M & T new, up-to-the-minute AC and DC 
arc welders—are specifying M & T accessories for all-around 
assurance of top-notch welding. 

Accessories such as top quality holders, shields, connectors, 
cleaning tools and protective clothing boost speed, safety 
and savings on all arc welding, whatever the job. 

All the essential accessories to the perfect weld are provided 
in the Metal & Thermit line of welding equipment...M & T 
branded—symbo! of superior welding! 

Write for cataleg! 


*Seventy selected electrodes designed by Metal & Thermit to cover every 
ore welding requirement ot peck performance. 


METAL 2 THERMIT CORPORATION 


120 Broodway * New York 5,N. ¥, 


FACTS AVAILABLE 
ON “SELECT 70” 


ESCRIPTIVE literature covering 

mild steel, low alloy and special 
steel, stainless steel, hard surfacing 
and build up and other special elec- 
trodes is available to those requesting 
full information on M & T’s 
“SELECT 70"’— seventy electrodes 
designed to cover all arc welding re- 
quirements— AC or DC, all-position 
or downhand work welding of mild 
steel, low alloys and stainless steels 
as well as hard surfacing and building 
up of worn parts. 

Literature is brief but compre- 
hensive, covering specifications, 
properties and applications for each 
electrode. Copies available on request 
received on company letterhead. Ad- 
dress Metal and Thermit Corporation, 
120 Broadway, New York 5, N. Y. 


NEW ARC WELDERS BOOST 
AC and DC PERFORMANCE 


| welding, better quality 
welds, lower power costs, and 
Pd maintenance are furnished 
by a new line of AC and DC arc 
welders introduced by Metal and 
Thermit Corporation. 

Built-in capacitors for high power 
factor, wide current range for full 
rated output~—and fingertip, stepless 
current control for precise current set- 
ting are featured in the AC units. 
Available in 150 to 500 amp models 
for manual arc welding, additional 
models for inert arc and automatic 
welding. 

Full capacity, rugged duty DC are 
welders are compact, light in weight 
half the size and half the weight of 
older types—-and are equipped with 
simplified current control, automatic 
electrode selector. Furnished in 150 to 
400 amp sets—motor driven, engine 
driven or belt-drive. 

Descriptive folder gives full par- 
ticulars. Address Metal and Thermit 
Corporation, 120 Broadway, New 
York 5, N. Y. 
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Where Do You Fit In This Picture? 


600% 


@ 70% increase in cooling area 
\f710% @ Faster heat dissipation 


@ Reduced mushrooming 


Mallory Fluted Tips increase 


@ Less frequent dressing 


welding production by wide @ No increase in price 


margins... Yet they cost no more 


Actual customer field experiences with the Mallory Fluted Tips have 
demonstrated life increases of from 10% to 600%. 

Because of varying conditions, it is impossible to predict exactly how 
great an increase you can get in your shop... but since you pay no 


more for fluted tips, any increase in life means a reduction in your costs. 


Why delay? Why tolerate unnecessary production interruptions? We 
can make immediate shipment from our stock, Write now, advising 


your requirements. 


In Canada, made and sold by Johnson Matthey & Mallory, Lad. 110 Industry St., Toronto 15 Ontario 


Resistance Welding Tips, Holders, Dies, Rod and Bars, Castings, Forgings 


SERVING INDUSTRY WITH 


Capacitors Rectifiers P.R.MALLORY & CO. Inc. 

Contacts Switches 

Controls Vibrators O 
Power Supplies 


Resistance Welding Materials 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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Use Stainless Steel 
and HELIARC Welding 


Trade-Mark 


“Heliare” welding a stainless steel water tank for use in rail- 


road passenger coach, Welds will need no further finishing. 


You can see the ‘'Heliarc” process in operation 
at our booth in the National Metals Exposition— 
October 17-21, Cleveland, Ohio 


The Linde Air Products Company 
30 East 42nd Street, Room 1402 
New York 17, N. Y. 


Gentlemen: Please send me your 24 page booklet that 
tells about "Heliarc’”’ welding. 


Switeh to this 
Combination 
and Save Money 


Build Sales Appeal with 
Stainless Steel 
Get Clean, Fast Welding 


Cut Finishing Costs to the Bone 


Switch to the “Heliare” process for welding 
stainless steel. Welding is fast, distortion is 
low, and there is no spatter with the “Heliare” 
process. No flux is used and you save clean- 
ing costs. The welds are so smooth that many 
articles need no grinding or finishing at all. 

Switch to stainless steel for your other 
products too. They will have added strenyth, 
longer life, freedom from corrosion and better 
appearance. You build sales appeal into your 
product when you weld stainless steel with 
“Heliare” equipment. 

Get your free copy of the 24 page booklet, 
“Heliare Welding” that tells about this clean, 
fast, worry-free process. Just fill out the 
coupon and we'll send your copy of the book- 


let without obligation. 


The word "Heliarc” is o registered trade-mark of 
The Linde Air Products Cumpany 


THE LINDE AIR PRODUCTS COMPANY 


Unit of Union Carbide ond Carbon Corporation 
30 East 42nd Street fig New York 17, N. Y. 
Offices in Other Principai Cities 


in Canada: 
DOMINION OXYGEN COMPANY, LIMITED, Toronto 


my 
| 
! 
! 
: 
2 
! | 
923 


VICTOR Regulators 


for every use and every gas... 
to regulate pressures up to 5000 psi. 


j iE For Regulators, welding and cutting apparatus, 
FOR WELDING SEE YOUR VICTOR DEALER! 


VicIOR EQUIPMEN] COMPANY 


3821 SANTA FE AVENUE 844 FOLSOM STREET 1312 W. LAKE STREET 
los Angeles 11 San Francisco 7 Chicago 7 
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Factors Affecting Q 


by E. A. Sirabian 


INTRODUCTION 


URING the past year over 600,000 bicycles were 

manufactured at the plant of Arnold, Schwinn & 
Co. in Chicago, ['l., a record volume for the in- 
dustry. In the fabrication of these bieyeles and 
accessory parts some 8,600,000 flash-welded joints were 
made. 

The type of joints and materials involved, some fea- 
tures of the equipment and tooling used, problems en- 
countered and results obtained with this production 
will be described in this report together with a discus- 
sion of the factors that have affected weld quality 


EQUIPMENT 


At present, our flash-welding equipment consists of 
thirteen 50-kva., four 100-kva., two 150-kva. machines 
and a 100-kva. vertical-tvype machine not as vet in oper- 
ation. 

All of these machines are fully automatic, motor 
driven and cam operated. In each case air cylinders are 
Nine of the 50-kva 
machines are equipped with springs to return platen 


used for clamping workpieces 


The remainder are hand return. The platens of the 100- 
and 150-kva. machines are all returned with air cylin- 
ders. 

All of the 100- and 150-kva. and most of the 50-kva. 
machines are equipped with thermal and air pressure 
protection so that machines will not operate unless 


E. A. Sirabian is Welding and Design Engineer, Arnold, Schwinn & Co 
Chicago, Il 

Scheduled for presentation at the Thirtieth Annual Meeting, A.W.S 
Cleveland, Ohio, week of Oct. 17, 1949 


OcToBER 1949 Sirabian 


uality of Production Flash Welding 


® Joints, materials, equipment tooling used in fabrica- 
tion of bicycles and accessory parts are described and 
factors influencing quality of flash welds are described 


cooling water is flowing and air pressure for clamping is 
above a set minimum. 

Current regulation is simply through tap switch 
provided on each machine. No attempt has been made 
to date to control line voltage. Contactors on all 50- 
and 100-kva. machines are magnetic. The two 150- 
kva. machines are provided with tube contactors. 

Current cut-off in all cases but one is through current 
cutoff cam mounted on camshaft. In one case we use a 
timer to cut current off a few evcles after upsetting 
pressure has been applied 


WORK DATA 


At present there are 12 flash-welded joints in our 
standard-line bicycle frame. Most of these are tubular 
cross sections. The head, however, is a flash-welded 
assembly of two stampings. The hanger is a stamping 
formed into a cirele, then flash welded to close the ends. 
The rear fork end of the frame consists of stampings to 
which are flash welded the shaped tubular members 
which make up the upper stay and lower fork 

All of the steel used in the standard line frame mem- 
bers are S.A.E. 1010 steel. 

We have different designs of front forks 
forks in which flash welding is used for fabrication, 


Among the 


some are single-piece forgings to which the stem is flash 
welded. The others are forgings to which formed tubu- 
lar sides are flash welded as well as the stem. Where a 
front fork is to be equipped for a lock, the stem consists 
of a lock bolt housing which is flash welded to a tubular 
piece. This assembly is then flash welded to the forging 
of the front fork. 

The forgings are S.A.E. 1020 steel 
either seamless S.A... 1010 or seamless 4130 chrome 
molybdenum steel depending on its application 


The stems are 


In our line of steel bievele rims, we make three dif- 
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ferent styles of rims in three sizes each. These, of 
course, all have a flash-welded joint to complete the cir- 
cular section. 

Standard line rims are of S.A.E. 1010 steel. The 
stainless steel rims are type 430 stainless steel. 

In our standard line of front and rear hubs there are 
six different styles in which flash welding is employed. 
In this latter case where flash welding is used as a 
method of fabrication, the parts are drawn stampings. 
Some hubs are simply two stampings flash welded to- 
gether. Other hubs are drawn stampings in which 
other stampings or reinforcing members are inserted be- 
fore flash welding. Hub stampings are formed from 
S.A.E. 1010 strip before welding. 


FIXTURE DESIGN 

In the design of our flash-welding fixtures, we have 
made free use, where possible, of the rocker arm method 
of clamping. In this method, a pivot pin is employed 
between the clamping jaws and the operating evlinders. 
Where a straight line clamping motion is used, guide 
pins and bushings are employed to guide the movement. 
Both of these methods are proving very satisfactory for 
our purposes. They cost less to make than slides and 
gibs and are more trouble-free in operation. 

The fixtures otherwise are simple fixtures employing 
air evlinders for clamping. In all cases we use back-ups 
for the workpieces. We do not rely on clamping pres- 
sure alone to prevent work from slipping. 

It should be emphasized that, between the stresses 
set up in machine and fixture and the abrasive action of 
flash particles, flash welding is a most severe operation, 
probably more severe on machine and fixture than any 
other operation in the plant. 

Accordingly, the simpler the fixture is in design, the 
more trouble-free the results will likely be. Of course, 
the fixture must be substantial enough to be free of 
undue deflection under load. All parts subject to rapid 
wear, such as workpiece locators, should be separate 
pieces as replaceable inserts and of suitably wear-resist- 
ant material. Further, fixtures must be easy te set up, 
operate and maintain. 
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Fig. 1) trrangement for welding two joints at one time 
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STATIONARY 


frrangement for welding two assemblies at one 
time 


Fig. 2 


In the design of our fixtures, the attempt was made to 
standardize on the fixture parts as much as possible, 
particularly on the inserts. As mentioned, the inserts 
are substantially the portion of the clamping jaw as- 
sembly that serve to locate and back-up the workpieces 
Hence, these are the parts subject to most wear. 

We have done quite a bit of experimental work in an 
effort to determine the insert materials that stood up the 
best in production for the various jobs we have. 

The fixtures, also, were designed to be as universal as 
possible. One fixture, for example, can handle six dif- 
ferent designs of front forks simply by changing the 
clamping jaws and by changing the position of the back- 
up. 

The need for careful design of fixtures for flash weld- 
ing cannot be emphasized too strongly. If sufficiently 
high production cannot be reached, or downtime, and 
maintenance cost is excessive, the process itself is 
likely to be condemned, whereas the trouble may simply 
be in the design of fixture, in the layout of the proce- 
dure or possibly even in the design of the parts them- 
selves for flash welding. 

The ever-present flash particles present a problem. 
These particles accumulate not only on the fixtures but 
on vital machine parts, such as the transformer, ways 
and slides and the push-up cam mechanism as well 
Too much thought cannot be given to the effective seal- 
ing against flash, sealing that does not interfere with 
ease of setup and operation. 

It might be noted at this time that we have encoun- 
tered no difficulty at all making two flash welds simul- 


wearers 


3 Lower jaw—Flat clamping arrangement with 
provision for horizontal adjustment 
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Fig. 4 Lower jaw—Flat clamping arrangement with 
provision for vertical adjustment 


taneously. This applies to two flash welds on one work- 
piece or a single flash weld on two workpieces. 

Figure 1 illustrates method of making two flash welds 
on one piece. Figure 2 illustrates the method of making 
flash welds on two separate pieces simultaneously. 

It should be noted that from the standpoint of accu- 
racy in alignment, it works out better to set up the job to 
weld two separate pieces as illustrated in Fig. 2, rather 
than make two welds on one piece. The reason for this 
lies in the relative ease of setting up and maintaining 
alignment with two separate pieces. 

Some of our installations are shown in photographs, 
Figs. 7 to 12, inclusive. 

Figure 7 is a photograph of our head halves stamping 
assembly. Production on this machine is 135 assemblies 
per hour. Figure 8 shows one of the installations where 
the fork end stamping is welded to the upper stay. Pro- 
duction here is 197 per hour. In Fig. 9 is shown the 
bottom bar to hangar assembly where the production is 
271 assemblies per hour. 

In Fig. 10 is shown the setup in which the back end of 
the frame is welded to the front harp. Production here 
is 100 assemblies per hour. Incidently, this is another 
installation in which two welds are made simultane- 
ously. 

Figure 11 is a photograph of the setup in which seven 
different assemblies of our front forks are flash welded 
simply by changing the clamping jaws and backup. 

Figure 12 is a photograph of our rim welding setup. 
In this installation, three models of rims in three sizes 
each can be welded simply by changing the clamping 
jaws. Production on this setup is 360 pieces per hour. 


WELD THEORY 


At this point, it would be well to review the theory of 
the flash-welding process. As it is explained by our es- 


Fig. 5 Lower jaw— ingle clamping arrangement with 
provision for vertical adjustment 
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Fig. 6 Upper and lower jaw—Split jaw arrangement with 
provision for adjustment for width of contour and for 
horizontal adjustment 


teemed researchers, in the flash-welding process, a high 
magnitude of current concentrates in bridges of contact 
The heat release is such that 


between the workpieces. 
an instantaneous melting and partial vaporization of the 
bridge results followed by expulsion of the molten ma- 
terial. 

This action continues as one workpiece is moved to- 
ward the other. The resulting heat release causes a 
rapid rise in temperature of the workpieces. The action 
must be of sufficient duration so that a time is reached 
when the interface reaches probably the melting point 
of the material. 
the material must be at a welding temperature. This is 


In any case just beyond the interface 


the time just prior to the upset. 

At this time the temperature at and in the zone of the 
interface is in the neighborhood of 2700° F. It has been 
established that at this temperature oxygen is extremely 
active. Metallurgists tell us that it can be expected 
that with mild steei the molten material of the interface 
will be covered with a thin layer of iron oxide. Further, 
that the oxides of silicon, manganese and phosphorus 
will be present together with the slag resulting from the 
other impurities in the parent mild steel. 

Metallurgists point out that inclusions in the weld 
joint nucleate stresses which prestress the joint. This 
residual stress, then, is responsible for joint failing under 
application of a smaller load than could be carried were 
inclusions not present. 

It might be said that the ideal flash weld is one where 
a “solid phase” type of weld has taken place. In his 
lecture on solid-phase welding, Dr. A. B. Kinzel* dis- 
cusses the action that probably takes place in a solid 
phase weld. His explanation is that atoms are in cons 
stant motion in their crystal arrangement. Further, 
that under the temperature and pressure of solid-phase 
welding there is a movement of atoms across the inter- 
face. Thus, atoms leave one crystal arrangement and 
join others across the interface resulting in a bond. 

In the ideal flash weld then, the workpiece welding 
faces have been brought up to welding heat simultane- 
ously, the molten iron and slag has been squeezed out, 
all voids closed, a cross movement of atoms has taken 
place across the interface and no excessive disturbance 
of grain structure has resulted. 

These conditions, resulting in a 100° strength weld, 


* Kinzel, A. B Solid Phase Welding Tae Weipine Journan, 23 (12), 


1124-1144 (1944 
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An important factor in bringing work faces up to weld- 
ing heat simultaneously is the positioning of workpieces 
in welding jaws. In all of our work, we have encount- 
ered no trouble in this regard, using the published 
A.W.S. Resistance Welding Committee Schedule for Flash- 
Butt Welding as a guide. 


With mild steel and the small cross sections covered 
in this report, the rate of heat input as determined by 


heat cam design does not appear too critical. We have 


used both constant velocity and accelerated rise in heat 
cams with no apparent difference in results for our work. 
Another problem to be contended with is voltage vari- 


Fig. 7 Set-up for flash welding head halves stampings 


are not at all difficult to obtain when setting a job up 
for welding mild steel. Continued results in produe- 
tion, however, is another matter. 

Let us examine, then, flash welding results in produc- 
tion. As noted above, we judge weld quality on two 


counts, namely, on strength of weld and on accuracy of 
alignment of the workpieces. 

Let us consider the strength of weld first. As noted 
above, maximum strength of joint results when work- 
piece welding faces come to heat simultaneously, slag 
and molten material is flushed out and voids closed, and 


grain structure is not altered excessively. 

In our work we weld tubular sections to solid forg- 
ings, tubular sections to forgings with corresponding 
holes, tubular sections to tubular sections and solid sec- 
tions to solid sections. 


Fig. 10 Simultaneous welding of both rear forks to front 
harp 


ation. Our supply line voltage changes during the work- 
ing day due to conditions outside the plant. In addi- 
tion, we have voltage swings within the plant which are 
due to the operation of our own equipment. Voltage 
swings on the order of +10 v. do not seem to affect re- 
sults. However, at times, our voltage is in excess of this 
variation. At these times weld quality is no doubt af- 
fected. Just how far voltage can be permitted to swing 
before weld quality is affected is a factor that we have 
not as vet had time to determine for our class of work. 

Inasmuch as practically all of our work involves small 
areas, from 0.08 to 1.25-sq. in. cross-sectional area, and 
in no case exceeds 9 sec. flashing time, we have done no 
work toward minimizing flashing time. 


Sic. Setup for fork ond to An important factor in production work in the 
upper stay amount of heat input is the quantity of flash that ac- 
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3 &§ : Fig.9 Bottom bar to hanger flash welding set-up : 


Fig. 11 Universal set-up for flash welding any one of 
seven different front fork assemblies 


cumulates on machine and fixtures, and the oxidation of 
current-carrying contact surfaces of machine and fix- 
ture. While operators clean their machines at the end 
of each work shift, they cannot be expected to remove 
flash and oxide between current-carrying contact sur- 
faces, particularly in periods of heavy and sustained 
production. 

Asa result,more and more secondary \ oltage is con- 
sumed in the increased resistance set up in the secondary 
circuit. The point may be reached when the secondary 
voltage is not sufficient to sustain flashing action and a 
cold weld results. Swings in line voltage which are of 
course more severe in times of high production, cause an 
erratic action in this regard. For example, a surge 
would possibly compensate for increased resistance, and 
might be sufficient to cause flashing action, whereas a 
drop in voltage would probably result in a dud. 

For this reason, it is of the utmost impe rtance to set 
up a schedule of maintenance so that, at regular inter- 
vals of production, fixture and machine are disassem- 
bled, cleaned thoroughly and worn parts replaced. 


TIMING OF UPSET PRESSURE 
It has been stated that the most important single 
factor in flash-weld strength is the timing of current 
cut-off and application of the upset pressure. Our ex- 
perience is entirely in accord with this statement. 
As noted under theory of flash welding, assuming that 


Fig. 13° Secondary current as recorded by Brush oscillograph. 


installation) 


Fig. 12 Universal set-up for flash welding bicycle rims 


workpieces have been properly and simultaneously 
brought up to welding heat, the success of the weld with 
mild steel is dependent entirely on the ensuing action, 
namely on the timing of the current cutoff and the 
amount and speed of the upsetting action. 

» have been checking our 
This is done by 


Up until the present time we 
timing in the conventional manner. 
setting machine so that current is cut off just as the up- 
set pressure is being applied. With this as a starting 
point, the point of current cut-off and the amount of 
upset pressure is varied slightly until the maximum 
strength is attained. It seems generally agreed that 
with mild steel and average application it is best to al- 
low current to remain on a matter of a few cycles after 
upset pressure has been applied. This is in the nature 
of insurance against oxidation in the joint due to too 
early a current cutoff. 

Incidentally, we judge strength of joint simply by 
bending or twisting assembly until failure takes place. 
Failure must be outside of weld. While this method of 
timing has served in the past, it must be considered in- 
adequate for the requirements of progress. It is too 
time consuming and hit or miss. 

Instruments are now available to aid in establishing 
and setting point of current cutoff with respect to appli- 
cation of upset pressure. These instruments are oscillo- 
graphs on which can be recorded both platen movement 


(See Fig. 12 for photograph of 
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and flash-welding current in cycles. Thus, the best 
point of current cutoff with relation to application of up- 
set pressure can be determined for any given job. It 
would then be a relatively simple matter to duplicate 
this setting when making a set-up for a new run or for 
checking a long run of production. 

Figure 13 is an oscillogram of actual secondary cur- 
rent taken on a Brush recorder during the welding of a 
bicycle rim. (See Fig. 12 for photograph of rim-welding 
installation.) Bicycle rims are tubular sections on the 
order of about 0.125-sq. in. cross-sectional area. 
The machine shown is a 50-kva. Taylor-Winfield unit. 

Note points of application of upset pressure and cur- 
rent cutoff as shown by increased secondary current. 

In all cases, where upsetting current is used, namely 
where welding current is carried for a matter of cycles 
into the upset before being cut off, oscillogram can be 
used to check timing of current cutoff. This is true be- 
cause upsetting current is several times larger than flash- 
ing current, hence, readily shows up on the graph. 

In these cases, timing of a flash-welding machine can 
be checked quickly and conveniently without resorting 
toa parallel record of platen movement. 

There is one other factor that instruments should re- 
cord or indicate. That is the amount of upset pressure 
developed. This, of course, is a measure of the plastic- 
ity of the material at time of upset. We understand 
that Dr. W. F. Hess is now engaged in making a study of 
this factor. 

It has been established that oxygen is extremely ac- 
tive at the temperatures of welding, forming oxides in 
the interface instantaneously. While an inert atmos- 
phere around weld area is not essential to the making of 
a good flash weld, it would stand to reason that an inert 
or reducing atmosphere would make the operation less 
critical. 

We have done some work in this connection, using 
argon and city gas. However, we were not able to af- 
fect a good seal around the weld area and no improve- 
ment in weld quality was discernible. We plan to do 
more work along these lines in the future as time per- 
mits 

When weld is made between two tubular members, 
such as pipe or tubing, inert atmosphere can be readily 
set up. 

One such installation is at the Babeock and Wilcox 
‘Tube Co. at Beaver Falls, Pa.’ H. D. Newell, chief 
metallurgist, advises that an atmosphere of hydrogen 
gas is used as a regular procedure when flash welding 
alloy tubing. While hydrogen is now being used, the 
use of an inert gas such as argon or helium is being con- 
sidered for reasons of safety. 

It is important, of course, that fixtures and machines 
be checked regularly to make certain all parts are tight 
and that workpieces do not slip under application of up- 
set pressure. 

With mild steel, not enough change in grain structure 


t Technical Bulletin No. 7A, The Babeock & Wileox Tube Co., Beaver 
Falls, Pa 
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takes place to require any preheating or postheating 
operation. 

With one of the assemblies however, we weld a length 
of chrome molybdenum tubing to a 1020 steel forging. 
Inasmuch as weld results in brittle structure, we follow 
welding with an annealing operation to develop neces- 
sary ductility. 

One of our machines is equipped with an annealing 
station. In this setup, after assembly has been flash- 
welded, a reduced current is passed through the joint to 
refine grain size. This arrangement works out well as 
only a few seconds are added to the required time for 
each piece. 


WELD ALIGNMENT 


As covered under fixture design, care was used in se- 
lecting clamping methods, areas and pressures to hold 
workpieces rigidly. Further, in no case do we rely on 
clamping force alone to prevent work slippage under up- 
set pressure. 


In all cases, both pieces are backed up 


either by the welding jaws themselves or by independ- 
ent backups. 

While high clamping forces insures better rigidity and 
electrical contact, particularly with forgings, by the 
sume token, increased jaw wear results. In all of our 
fixtures, inserts are provided at the points of most rapid 
wear. These points generally locate the workpieces, 
hence, wear must be watched to maintain alignment 

In all cases we have made provision for compensating 
for wear, by horizontal adjustment of clamping jaws on 
one platen and vertical adjustment on the other. Figure 
3 illustrates provisions for horizontal adjustment and 
Fig. 4 for vertical. Figure 5 illustrates another type of 
holding clamp from that shown in Figs. 3 and 4. While 
we prefer the tvpe shown in Figs. 3 and 4, both types 
work well. 

When it is necessary to align a double thickness or a 
contour, a third adjustment, one for width of contour, 
has been found advisable. This is illustrated in Fig. 6. 
The split portions of the jaws are simply adjusted in 
width with shims until the desired line-up is secured 
After a period of wear, process can be repeated until a 
With this 
design we find it possible to obtain a very satisfactory 


dressing of the contour becomes advisable. 


alignment of workpieces. 

Note the inserts placed at the points of maximum 
wear. While there is no question but that the jaw 
bloeks proper should be a copper base alloy for reasons 
of conductivity, the inserts themselves do not necessar- 
ily need to be copper base materials. We are using in- 
serts of Elkonite TC-10 that were silver soldered into 
We have 


also used cobalt base alloy material for inserts with good 


the jaw blocks with most excellent results. 


results under certain conditions. With this latter type 
insert it is essential that stock to be welded is clean. 
Flash particles burn on and adhere to insert faces if not 
cleaned off and thus the good locating surface of the in- 
sert is soon damaged. 
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It should be noted that for satisfactory results, the 
I:Ikonite insert materials must be properly supported or 
better yet, silver soldered in place. 

In all cases it is desirable to water cool the jaws. 
Electrical conductivity drops rapidly with increase in 
temperature. With a conductivity of 100 at room tem- 
perature, the conductivity of copper drops to 75 at 200° 
F. Furthermore, flash is much more readily cleaned off 
a cool surface than a hot one. 

In connection with the use of Elkonite type inserts, it 
appears to us that better results still would be secured if 
the insert material were more resistant to wear than the 
material now available even at a much lowered elec- 
trical conductivity. 

In all cases, it is highly desirable to keep jaw surfaces 
clean of flash and dirt. Inasmuch as operators wear 
gloves, it is a simple matter for the operator to wipe sur- 
faces off with gloved fingers, as necessary, when job 
contour is accessible. When contour is not readily ac- 
cessible, a blast of air for cleaning should be provided. 

Where possible, air holes should be provided in jaw 
blocks themselves. We have a very satisfactory instal- 
lation with air holes in lower jaws only. In this case, 
when clamping cylinders operate to unclamp the work, 
the air from the cylinders is exhausted through the air 
holes in the lower Jaws. This blast does an effective job 
of blowing flash particles off jaw surfaces 

One of our installations has given remarkable results 
in maintaining close, trouble free alignment over a long 
period of time. After some 300,000 flash welds with one 
set of inserts, the alignment is still being maintained 
within the exceptionally close limits of this job. A re- 
cent examination of the inserts by our gage laboratory 
showed some errosion due to flash, but practically no 
wear of the locating surfaces. 

The insert contours of this job are such that the oper- 
ator readily can and does keep insert surfaces scrupu- 
lously clean. Further, the stock being welded is exeep- 
tionally clean 

While the criterion of alignment is in the welded as- 
sembly itself, dummy gages can be used to good ad- 
vantage in setting a job up and for checking alignment 
Also, finished surfaces on the fixture or clamping jaws 
themselves on either side of the weld line, can be used 
for checking alignment with a straight edge or with an 
insulated indicator 

Due to the scoring action of the flash and the temper- 
ature and high stresses involved, machine and fixture 
parts will in time loosen and wear. Thus, alignment may 
be thrown off, and the timing of the current cut-off af- 
fected. For these reasons it is highly important to have 
a schedule of inspection and maintenance of machine 
and fixture 

Cleanliness of the workpieces themselves pays divi- 
dends. While the regular shop run of oil, dirt and rust 


struments,’ Ibid., 24 (9), 833-837 (19 


do not apparently affect weld strength, they do affect 
the cost of the operation through increased mainte- 
nance. All such matter foreign to the material being 
welded tends to contaminate the jaw surfaces causing 
greatly increased wear. Thus maintenance cost can be 
minimized by the use of clean stock. 


SUMMARY 


High levels of production have been reached and 
maintained. To attain and hold tnese levels, machines 
were made, fully automatic and suitably safeguarded. 
The fixtures are simple in design and heavily built. 

Accurate timing of current cutoff is essential to weld 
strength. Inclusions, cracks and porosity lower joint 
strength. Check on timing in the past has been main- 
tained satisfactorily in the conventional manner. How- 
ever, an instrument on which could be recorded energy 
input, timing of current cutoff and amount of upset 
pressure reached, would ho doubt serve as a more accur- 
ate and time saving check on weld quality. 

Maintenance of close alignment has been possible 
through provision for jaw adjustment, horizontally, 
vertically and for width of contour. Jaws are all water 
cooled and in some cases equipped with scavenging air 
blast. At points of maximum wear, jaws have been 
provided with replaceable inserts of suitably wear-re- 
sistant material. A regular schedule of inspection and 
maintenance of machines and fixtures, together with 
the electrical and air systems, has been found necessary 
to keep up weld quality and alignment. 
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esign of Welded Rigid Frame Subways 


® Welded rigid frames for provosed new 250 subway track 
miles would save New York City $10,000,000. Their 
fabrication can be geared to mass production methods 


by Martin P. korn 


INTRODUCTION 


TEW York City has projected for early 
construction new rapid transit sub- 
Ways aggregating about 250 track 

miles. The principal line of from four to 
six tracks will follow Second Avenue in 
Manhattan Borough. Authorities have 
publicly declared the urgent need for 
these subways and efforts are being di- 
rected toward securing the necessary funds. 
legal obstacles alone are temporarily 
delaying their acquisition. 

Because of this need for funds, improve- 
ments making for economy would be both 
timely and Following — the 
spectacular record and progress made by 
welding during the recent war vast sav- 


important. 


ings in subway costs can be achieved by 
the substitution of welded rigid frames for 
the standard and conventional riveted 
bents. Those savings would total 40,000 
tons of steel and $10,000,000 in costs. 
This is a simple statement of fact deter- 
mined from exhaustive studies. 

An official investigation probing the use 
ot welded rigid frames reported them 
100% technically sound and effective 
toward large reduction in steel tonnage. 

Representing the optimum of modern 
engineering design and employing the 
latest developments in the science and 
art of welding, welded rigid frames for 
subways can be geared to mass production 
methods affording vast economy without 
precedent in structural fabrication because 
of the magnitude of this projeet. 

New York City will profit thereby 
immediately. Dreams of other cities for 
similar rapid transit will be brought closer 
to reality because of these decreased costs 

Welding and steel will reach out toward 
future with 

Wherever 


already been 


new horizons and a new 
markets formerly nonexistent. 
conerete subways have 


Martin P. Korn is a Consulting Engineer, Dear- 
born, Mich 
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planned for economy or other reasons, 
Big Steel can show its metal competing for 
the first time against all-conerete con- 
struction. 

The writer has studied the subject inter- 
mittently over a period of 30 yr. Then 
followed 10 yr. more of efforts tending to 
prove that vast savings would result from 
use of welded rigid frames. In an effort 
to reduce this rigid frame saga of 40 yr. 
down to a 40-min. talk, a spotlight will be 
focused right through time onto those facts 
which it is believed will be of specific 
interest and value to this audience of 
national scope. 


IN THE BEGINNING 


During 1910 and 1911 the writer had 
charge of construction of a part of the 
Fourth Avenue Rapid Transit Subway in 
Brooklyn, N. Y. It was a four-track 
continuous reinforced conerete structure. 
Figure 1 is a reproduction of one of its 
typical sections. Massive in its propor- 
tions of roof, wall and floor construction, 
the type of design stirred my imagination 


6° Baoxen Srowe 


and that of several co-workers not long 
out of college. Our job was to build and 
not to question why. Yet we could not 
help wondering how those big and impor- 
tant brackets influenced the stresses in the 
structure. 

Lacking official backing our quest for 
knowledge found a route. Special inserts 
and nails were clandestinely 
elevations were taken and locations were 
After backfill had been com- 
before then — results 
were investigated. No deflections devel- 
oped in the roof, none in the sidewalls 
none that we could detect with a Y level 


planted, 


recorded. 
pleted—and even 


and our other primitive research equip- 


ment. Time swallowed and scattered 
that small group of curious young engi- 
neers. The writer steered westward, but 
that rugged continous concrete structure 
never left him in any of his travels. Those 
brackets took root early to grow and 
develop in mutual friendships through 
experience and tests down through the 
years to this day into the all-welded steel 
rigid frame subway bents now proposed. 
The term 
common text book usage back in 1910 


“rigid frame’ was not in 
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Fig. 1 


Typical section between Sta. 184 + 76-187 + 11 Fourth Avenue Subway, 


Brooklyn, N. Y., May 16, 1910 
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Fig. 2 Seven 


We classified the above structure in Fig 
1 as a hybrid arch, but unlike an arch it 
had huge brackets and reversal of stresses 
Today it would plainly be classified as a 
rigid frame by virtue of its form, its 
structural behavior pattern and its rein- 
forcing. That conerete rigid frame sub- 
way was the only one of its kind built in 
New York 

Figure 2 is a subway section built shortly 
afterward in 1913. 
lated riveted steel bents spaced 5 ft. on 


Comprising articu- 


centers separated by concrete jack arches, 
it represented standard subway construc- 
tion of that period dating back to the first 
subway in New York built in 1901. 

Coming down the vears we see in Fig. 
3 a subway built in 1931, very little 
change from the type of the original de- 
sign. It no longer had knee braces, they 
had been eliminated in the Twenties. A 
slight change had also been made in the 
column connections, 

Figures 4 and 5 are views of subways 
built in Brooklyn in 1940 and, as you will 
observe, they differ little from those views 
of the earliest construction Other than 
some concrete arches for tunnels the stand- 
ard type of subway design remains today 
almost as it was in the beginning, articu- 
lated steel riveted bents separated by con- 
crete jack arches. 

Since a new type of subway construction 
is at last being proposed, it should be of 
interest to have at least a general outline 
of the loadings that determine all designs. 
They will be presented briefly 


SUBWAY DESIGN STANDARDS 


The Engineering Dept., Board — of 


OcTOBER 1949 


— 


trenue Subway between 17th and 30th Sts., Manhattan 


Transportation, is charged with the design 
and construction of all New York City 
All work is done by their own 
Design is in accordance with 


subways 
personnel 
their own standards independent of other 
city bureaus. Where buildings are in- 
volved direetly the City Building Code 
is followed, 

Fig. 6 presents diagrammatically the 
subway loadings. The design is as follows: 

Steel bents are spaced 5 ft. on centers. 

Dead load on subway roof per square 
foot is the product of the height in feet 
from underside of roof beams to the street 
surface (known as cover) multiplied by 
100 lb. Roof live load from city streets is 
600 Ib. per sq. ft. where cover is greater 
than 9 ft 

Roof beams are designed as simple spans 
to carry the full live and dead loads. 
When the vertical column load is less than 
150,000 Ib., one-half of the load is con- 
sidered as carried by the sidewall concrete 


SECTION NO. & 


=" - CONTRACT DRAWING NO. C-1 


Lif, of 
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Where bottom of subway is below water 
the invert beams are designed for the full 
dead load of structure omitting only the 
street live load 

Shear and bearing of beams directly at 
columns includes both the full live and 
dead loads. Stiffeners are used through- 
out 

Column base and cap plates are either 
riveted or welded 

All steel work in shop or field is riveted. 

Unit stresses, in pounds, per square 


inch: 

Tension on net sections 20,000 
Compression for Lr not greater 

than 3 20,000 
Subway columns 

20,000-95 Lor; Max 16,500 
Bending 20,000 
Shear on webs 12,500 
Bearing (web) 20,000 


Allowable bending stresses are increased 
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Fig. 3 Route 108, Queens Bled. and 65th Rd., Queens Borough, Sept. 19, 1930 
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Fig 4 Route 110, Jamaica tve. and Fulton St., Brooklyn, Aug. 9, 1940 


to 25,000 lb. where beams and girders 
are encased between the concrete jack 
arches, 


1925—RIDGWAY-RAISMAN—1938 


An accidental meeting at a hotel in 
Kansas City in 1925 with Robert Ridg- 
way, Chief Engineer, New York Subways, 
’ led to renewal of an old friendship. He 
_ had just returned from a Western meeting 

of the American Society of Civil Engineers 
' of which he was President. I was doing 
} some work in the southwest. In answer to 
his jocular question as to whether I hed 
forgotten completely about subways my 
‘answer was a decisive “no.” “In facet” 
said I, ‘I am dreaming of a welded rigid 
frame subway which will save at least 
20% in weight of steel, considerable exea- 
¥ation and millions in costs. Shop fabri- 

@ation would be reduced to mass production 

Of identical welded corner brackets and 

interior column brackets. Field welds 

would be kept to a minimum.” 
k-verything in that terse deseription 
appeared provocative except the word 

“welding” which for just a moment trans- 

formed his usually warm voice into 

what seemed like a chilled gasp of fright. 

Such was the reaction to welding then by 

that nationally famous engineer. This 

brief historical anecdote is mentioned 
because of what oceurred 12 yr. later in 

1937. 

Robert Ridgway had already been re- 
tired and become a Consulting Engineer 
My studies and research had advanced 
successfully to a point where it seemed 
opportune for me to interest him in the 
possibility of association as Consultants 
on my plan of welded rigid frame subway 
construction first mentioned to him in 
1925. The psychological question of how 
to convert him to welding was of cours 
my first objective. But that was no 
longer necessary. 

The Lincoln Vehicular Tunnel under 
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the Hudson River was then under con- 
struction and welding was being used 
throughout on certain land approaches. 
Robert Ridgway was Consultant on that 
project. His confidence in welding was 


now being based on reality, on the living 
structure. Moreover, his knowledge of 
welding was plainly manifested by that 
blueprint sent me of the detail shop draw- 
ing showing the continuous and large cir- 
cumferential welds which, by their size, 
seemed to exude visual pride in their im- 
portance— welding done for economy and 
added strength! 
advanced then by Chief Designing Engi 
neer Ralph Smillie. (This drawing was re- 
produced in a brief article on that work 


Those were the reasons 


by the writer, which was published in 
Tue JourNnAt in May 1937.) 

Could there now be any doubt about 
welded rigid frame subway bents with 
regard to the matter of welding? That 
hope of an association was but a short- 
lived dream for death suddenly stilled the 
voice of that venerable and famous engi- 
neer. 

Contact was forthwith established with 
A. 1. Raisman, Chief Designing Engineer, 
New York Subways, who manifested im- 
mediately a warm interest in my proposed 
design for welded rigid frame subway 
bents. It was my first meeting with him 
since 1925 when I first broached the idea 


Fig. 5 Route 110, Sutter Ave. at Sunrise Highway, Queens Borough, May 9, 1941 
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Fig.6 Subway loading diagram 
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and at which time he gave me his auto- 
graphed book of subway design standards 
which was to serve me in my research 
Remem- 
bering well his interest in my proposed 


throughout the ensuing years. 


plan from the beginning, I wrote on Feb. 
10, 1938, offering to donate to him officially 
all my research and design data on welded 
rigid frame subway bents. It was my 
hope to be commissioned as Consultant. 
He sent me immediately blueprints of a 
completed subway contract with all the 
cost data for comparison with my proposed 
Several months later Mr. Rais- 
man passed away. 


design. 


Thus did death claim in quick succession 
not alone two of the most illustrious engi- 
neers of subway design and construction 
but also the two engineers whose interest 
and moral support for the design would 
have carried the greatest weight. It was 
not alone the idea of rigid frames—it was 
their willingness to consider welding on its 
merits and performance, a factor fre- 
quently ignored by older engineers even to 
this day. 

To keep my design from falling into 
unscrupulous hands inimical to its suecess- 
ful execution, I yielded to advice and 
applied for a patent which was granted in 
June 1940. 

Today, with the Second Avenue subway 
construction now in the offing and the 
matter of funds its only stumbling block, 
my patented design with its compendium 
of development and research data will once 
again be offered as a gift in the public 
interest to New York City in the same 
spirit in which it was originally undertaken 
with Robert Ridgway and A, I. Raisman. 


RIGID FRAME—RESEARCH AND 


DESIGN 


For the benefit of welding specialists 
and other engineers who are not too famil- 
iar with this branch of engineering, a 
thumb-nail sketch of this type of structure 
will be given. 

The rigid frame is a development of 
modern design providing new structural 
form with special advantages. Its main 
advantages are economy, esthetic form 
and savings in headroom. 

Take a pencil, sketch a beam, bend it, 
add sufficient strengthening material at 
the bend to obtain full continuity there, 
and you will have an elementary rigid 
frame. Two operations made it a rigid 
frame: the change in direction of its 
neutral axis, and the addition of sufficient 
strengthening material at the bend to ob- 
tain continuity. 

For a simple definition I would say that 
the rigid frame is a structural unit with 
one or more continuous joints of members 
whose axes are discontinuous. That 
definition holds whether the structure is 
made of conerete, wood or any metal. 
The continuous joints are called knees or 
brackets. 
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Between the years 1925, when study for 
a design was first undertaken with the 
guidance of Chief Designing Engineer 
Raisman of the New York Subways, and 
1938 when its initial presentation oc- 
curred, no effort or expense was spared 
for thoroughness in investigation and 
study. The 
reached far and afield and considerable 


problems investigated 
data was obtained directly from construc- 
tion men. 

Designs were made of from 2 to 4 track 
double-deck 


Experienced stress analysts of 


sections and studies of 
sections. 
indeterminate structures were consulted 
in different locations in order to obtain th» 
widest concept of the best design proce- 
dures. 

From the beginning of my research no 
information existed anywhere on stress 
behavior or stress analysis of the knees in 
rigid frames. Designs that were made in 
those days (the Twenties) depended more 
upon the designer’s ability to guess cor- 
rectly and on his good judgment than on 
definite and established design data. Pro- 
fessor Swain, who was recognized for his 
ability to probe indeterminate structures, 
exclaimed that no one could tell me how to 
And in 1927 when I 


designed my first steel rigid frame for an 


design those knees. 


industrial plant, I too did some tall 
guessing although my work was considered 
highly technical. It was then that I began 
to plan to institute tests of models to deter- 
mine the stress behavior pattern in knees 
and from that perhaps establish procedures 
for their design. Such tests were finally 
conducted by me privately, and at last it 
seemed to me that the missing technical 
link in a planned technical chain of 
progress had been accomplished. (Som> 
of these results were published in Tue 
Wetpinc Journat for January 1940 in an 
article which I wrote on “Design of 
Welded Rigid Frames.”’) 

Meanwhile in the late Thirties the 
U. S. Bureau of Standards in conjunction 
with the American Institute of Steel 
Construction instituted a program of tests 
on riveted and welded rigid frame knees 
The University of Illinois came forth 
with illuminating tests on concrete knees 
in rigid frames. Lehigh University, the 
University of Washington and still other 
leading schools conducted further tests 
and research so that today considerable 
data is available for both the academic- 
minded and the practical designer. 

Design of rigid frames for buildings is 
common practice today. More factors 
are involved in their application to sub- 
ways. But the basic procedures for 
stress analysis are alike, varying only with 
the particular method familiar to or 
preferred by the individual designer. 
Dozens of variations in design proeedures 
have been published, and design of rigid 
frames is now taught in all schools. 

With reference to the design of welded 
rigid frame subway bents, considerable 
study and efforts were devoted to devising 
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tabular methods and to machine opera- 
tions, all based on moment distribution, 
aiming for accuracy, speed and economy. 
After initial 
engineering 


Results were most successful 
procedures are instituted, 
costs for design of welded rigid frame sub- 
way bents will be no higher than those 
for the standard articulated riveted bent of 


today. 


PRESENTING THE WELDED RIGID 
FRAME SUBWAY DESIGN 


In October 1945 the Engineering-News 
Record published an article describing a 
subway building program aggregating one 
billion dollars, projected lor postwar con- 
struction in New York City. Included as 
its main item was the Second Avenue line 
specially considered here. 

In a letter dated Dec. 24, 1945, ad- 
dressed to James H. Griffin, Chief Engi- 
neer, Board of Transportation, New York 
City, I presented officially to New York 
for a period of five years all patent rights 
and all my compiled research and design 
data until Jan. 1, 1951. This data al- 
lowed 5 yr. for taking advantage of my 
gift, or one year longer than the antici- 
pated maximum of 4 yr. for completing 
cordial 


actual construction. A most 


acknowledgement followed immediately 
with quick action by the Chief Engineer, 
Mr. Griffin 

He held a conference with his staff of 
executive construction and design engi- 
neers at which I was present. There I 
reviewed briefly the highlights of the 
welded rigid frame subway bent. Mass 
production of identical brackets was em- 
phasized as one of the major factors con- 
tributing to its economy. Erection was 
reduced to simplicity and safety, using a 
minimum of field joints, their location 
occurring only in the floor or roof beams 
near the points of contraflexure. The 
outside columns together with the roof 
and floor beams alone formed integral 
parts of the rigid frame bent. Interior 
columns would remain as at present, gen- 
erally 6 in. wide and theoretically hinged 
top and bottom. Design costs for engi- 
neering work would be no higher than at 
present. Other items mentioned included 
the program of research and study that 
preceded my design. 

That in brief was the story of the welded 
rigid frame subway bent, the product of 
almost a lifetime of effort and expense 
theirs to own and to keep and exploit to the 
full in the public interest the vast savings 
excavation and millions 
No royalty was re- 


in steel tonnage, 
of dollars in costs. 
quested, nothing either in payment of the 
costs and expenses incurred in research, 
On file 
in the Board of Transportation was my 


development and for the patent. 


original letter to the late A. I. Raisman, 
Chief Deisgning Engineer, recording from 
the beginning the intent back of all my 
work 
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My presentation ended with the decla- 
ration that if impartial and independent 
investigation and study revealed any 
single item technically faulty or not as 
represented by me, consideration of my 
design could be discarded at once. Thus 
without qualification or reservation were 
bared the cold facts ready for examination. 
\ live interest by all present was mani- 


fested at the above conference. Their 
questions were sincerely motivated and 
their attitude was most amicable. A vote 


was then taken in my presence and they 
declared unanimously in favor of officially 
investigating my design. 
engineers with the Board of Transportation 
specially selected by Chief Engineer Griffin 


Two subway 


for their qualifications and ability were 
appointed a committee to conduct an 
investigation independently: H. New- 
man, representing the Construction Divi- 
Bion, and N. D. Brodkin, representing the 
Designs Division, the committee reporting 
directly to the Chief Engineer. 

I gave the committee considerable data 
and designs from my own files, Also 
covered verbally were various phases of 
design and the results revealed from my 
study, research and tests. I visited them 
at their offices occasionally to note their 
progress and answer any questions that 
might have arisen. They were introduced 
to Technical Secretary 8S. A. Greenberg 
at the offices of the Amertcan WELDING 
Society, after which I left them so as not 
to influence their questions or inquiries. 


OFFICIAL REPORT ON WELDED 
RIGID FRAME SUBWAY BENTS 


Six months after beginning their investi- 
gation the committee of subway engineers 
completed their report. Chief Engineer 
Griffin sent me a copy. 

Using a cover of 14 ft. which is consid- 
ered average for the proposed subway, the 
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Typical 4-track section in earth. 


committee worked up typical designs in 
accordance with their own judgment. 
The technical data which I left with them 
and my advance suggestions were used 
only for guidance and disposition as they 
saw fit. 

Figure 7 represents a copy of their de- 
sign for a typical section above water. 
They used round knees with intermediate 
stiffeners instead of angular knees without 
stiffeners which I preferred. For the 
typical section above water their design 
saved 15% in weight of structural steel. 
For the typical section with invert under 
water their design saved 23% in weight. 

The report thoroughly all 
technical matters and questions that were 
raised at the original joint meeting with 
the Chief Engineer and his executive 
staff. The vital question of stresses due 
to possible differential in settlement was 
analyzed with skill and disposed of as 
presenting no problem affecting the rigid 


covered 


frame under normal conditions. 

My contention that engineering costs 
of rigid frame design would not surpass 
that of the conventional design was sus- 
tained. 

The matter of reliability or unreliability 
of field welds was eliminated with decisive- 
ness in their faith in welding that is 
properly supervised. Field erection was 
considered as presenting no problem, 

Summarizing briefly the substance of the 
official report, it sustained 100% tech- 
nically the effieaey of the welded rigid 
frame subway bent, its vast savings in 
steel tonnage and in excavation due to the 
use of shallower roof and floor beams with 
the rigid frame designs. The investiga- 
tion was conducted independently, hon- 
estly and with skill. Beeause of the 
extraordinary postwar conditions prevail- 
ing in the fabricating industry at that 
time, the Spring of 1946, the savings in 
costs resulting from the vast reduction in 
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Proposed welded design. 
Board of Transportation of The City of New York Engineering Bureau 


Bents spaced 5 ft. C. C. 


steel tonnage could not be rationally deter- 
mined. 

In acknowledging receipt of the official 
report I wrote the Chief Engineer taking 
issue on only one major point, the com- 
mittee’s use of round knees with inter- 
mediate stiffeners. It was not a fault but 
merely a professional difference of opinion. 
Whereas for buildings the knees in rigid 
frames are not of primary importance, In 
subway design the shape and size of the 
prefabricated bracket is the focal point 
about which economy is based. 

For the benefit of those interested in 
this subject, a short explanation might be 
of interest. 

I do not favor round knees for subway 
rigid frame bents mainly for economy. 
My decision is based on study of fabricat- 
ing methods and on tests of knees. Brack- 
ets with round inner flanges cost more to 
fabricate. Some engineers representing 
the welding equipment 
lose sight of that point when they think 
only in terms of their automatic cutting 
apparatus. Rounded web plates for brack- 
ets cannot be sheared like straight plates. 
On the other hand webs with straight 
inner flanges can be sheared or flame-cut 
The fabricating companies overwhelm- 
ingly favor the square or angular knees for 


manufacturers 


expediency and economy. Stress analysts 
who have worked with me or whom I have 
consulted support my selection of the 
square and angular knees in preference 
to the round knee for subway design. 
Although there is nothing wrong with the 
round knee, where mass production of 
prefabricated knees or brackets is required 
as for subway bents, haunched and square 
knees are definitely more economical. 
Curved inner flanges in knees are pret- 
erable to almost all designers of rigid 
frames, particularly the beginners. It is 
claimed that they permit smoother stress 
flow. Furthermore they appear less for- 
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Typical riveted bent in 
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weight, 7300 lb. 


midable to analyze. Many textbooks 
cover the theory of curved beams, among 
them Vol. Il which to 


many designers is close enough for stress 


Timoshenko’s 


analysis of curved knees. 

On the other hand 
whether haunched or square plainly pre- 
sent challenges to stress analysis more to be 


angular knees 


avoided than used. 

From an academic viewpoint the selec- 
tion of a round knee merely because it per- 
mits a smoother stress flow does not insure 
that that choice will afford greater strength 
to the rigid frame. I have found from tests 
that haunched knees and all-square knees 
strength for equivalent 
sizes of knees. That point was quickly 
recognized by Mr. Brodkin, Design repre- 
the investigating 
committee, after he saw letter and 


possess greater 


sentative on subway 
my 
critique of his design which I sent to the 
Chief Engineer. Several months following 
the official report, he made new and un- 
official designs based on my prototype 
using a combined haunched and square 
knee. 
warded to me. 

Figure 8 is a reproduction of a typical 


A copy of those designs was for- 


riveted section in earth and above water 
with 14 ft. 
welded rigid frame design for the same 


cover. Figure 9 shows a 
loading conditions, affording a 22° reduc- 
tion in steel tonnage. Figure 10 is a re- 
production of a typical riveted section 
water Figure 11, a 


invert below 


with 


welded rigid frame design for the same 
loading conditions with invert under water 
shows a savings of 28°). in weight of struc- 
tural steel. 

Note the vast savings in steel tonnage 
Not mentioned here are savings in exeava- 
tion in considerable quantities, especially 
in rock which will be encountered along 
the Second Avenue subway route. 

Note also the simplicity of the design 
for fabrication, for mass production of 
identical knees and the simplicity in eree- 
tion of the welded rigid frame subway 
bent; then pause to consider which you 
would preter to use 

It is perhaps reasonable to assume that 
all connected with the welding industry 
naturally the welded rigid 
It is also a safe guess that 


would select 
frame design 
some fabricators would just as naturally 
select the riveted design because it involves 
much more steel or because they prefer 
riveted work or for both reasons. 

Since I have been using riveted design 
for 40 odd years down to this day, would it 
not have been most natural for me to 
select a riveted design for rigid frame sub- 
way bents? I did not do so for obvious 
reasons. 

A riveted frame subway bent would be 
loaded down with splice and reinforcing 
plates resembling a structural monstrosity, 
and its cost would be higher than at pres- 
ent 

By comparison, the welded rigid frame 


Aart 


subway bent would stand out in its mono- 
lithic form as natural in its shape as though 
produced by some special operation at the 
rolling mill 

Thus welding alone makes possible the 


vast economies, the simplicity of fabrica- ' 
tion and erection of rigid frame subway } 
bents ; 


Those are the simple facts which auto- 
matically eliminate the matter of choice 

In the face then of this comparison be- 
tween welding and riveting, let us for a 
others opinions con- 


moment eXamuine 


cerning We Ided fabrication 


THE VOICE OF THE STEEL FABRI- 
CATORS 


In 1943 the American Bridge Co. pub- 
lished extensively the following advertise- 
ment: “Structural welding has a compara- 
tively short history but it is crammed with 
accomplishment Nothing better illus- 
trates the giant strides welding has made 
in speeding up, simplifying and reducing the 
weight of structural fabrication .. .”’ 
to consider care- 


Pause for a moment 


fully those statements “‘speeding up, sim- 
plifying and reducing the weight of struc- 
tural fabrication’ which take on added im- 
their authoritative 


portance’ because of 


source—one of the world’s largest steel 
fabricators 
Continuing with excerpt from that same 


advertisement by the American Bridge 
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Fig. 9 Typical welded rigid frame bent in earth. 
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Estimated weight, 5770 Ib. 
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Fig. 10 Typical riveted bent-invert in water. Bents: 5 ft. C. C. Estimated weight, 11,040 lb. 


Co.: “Our welding facilities have doubled 
and redoubled ... Shop forces have been 
intensely trained to new skills . . . it is this 
wealth of technical knowledge and wide 
practical experience, supplemented — by 
equipment and facilities second to none, 
that stands ready to help you in your post- 
war construction program. Welding will 
have a large part in it and we know weld- 
Without doubt other fabricators will 
claim, and rightly so as does the American 
Bridge Co., that they too know welding. 
Note, for example, the advertisements of 
the Ingalls Iron Works, among the largest 
and most progressive fabricators. Refer- 
ring to the Archibishop Stepinae High 
School in the Engineering-News Record of 
Mar. 10, 1949, they state “Ingalls chose to 
weld the girders primarily to save weight 
Steel was saved, time was saved and 
the finished girders presented exception- 
ally straight and smooth appearance . . . 
If you have a construction problem call on 


_ Ingalls, pioneer in modern welding and 


fabrication...” 

This viewpoint is reflected even among 
the smaller companies as, for example, the 
Lehigh Structural Steel Co., one of the 
most efficient fabricators of welded steel. 
In an article headed “welding Conserves 
Steel,’ published in the Engineering-N ews 
Record of Oct. 28, 1948, T. R. Mullen, 


President of Lehigh Structural Steel Co 
says: “Our experience as structural steel 
fabricators reveals that the available sup- 
ply of structural steel can be made to go 
much further through the use of welding 
Welding permits compact connections 
which minimize and sometimes altogether 
eliminate connection material. . .”’ 

Thus the above advertisements selected 
at random seem to be a clarion call from 
the structural steel fabricating world an- 
nouncing: 


“Attention, Engineers, Architects, every 
one! 

Bring on your welded work and we will 
show you economy. 

We will show you quality based on our 
know-how and experience with weld- 
ing. 

We will show you speed—speedier than 
ever before, with welding!...” 


LIGHT AND SHADOWS OVER 
WELDING 


tays of sunshine now beam upon weld- 
ing springing from public declarations re- 
corded in the “Voice of the Steel Fabrica- 
tors.” Occasionally, however, news re- 
veals dark shadows over welding, emanat- 
ing from the same source 

At a recent welding conference which 


aare 


I attended a speaker of national promi- 
nence declared that he had learned during 
travels throughout the country that many 
steel fabricators buck welding. Since he 
is not affiliated with manufacturing of 
welding supplies or equipment, his state- 
ment cannot be construed as having 4 sales 
The truth of what he said is of 
course known to many persons. It is, 


motive. 


however, so serious that we might ask 
what will the fabricating industry do 
about giving up about 23° 7 of the steel 
tonnage to technological progress—to the 
use of welded rigid frame subway bents? 
We can see how in some cases of welded 
buildings the structural design is so crude 
as to merit opposition. Furthermore, the 
precision required in welding for buildings, 
the lack of duplication of pieces and what 
amounts to “tailor-made” units add up to 
familiar arguments against welding used 
by some fabricators, One cannot very 
readily 
points. 


take issue with them on these 
However, none of these argu- 
ments can hold against the welded rigid 
frame subway bent as illustrated in Figs 
9 and 11. 
duction of identical units, its simplicity and 


On the contrary its mass pro- 


the magnitude of the project at once set it 
apart as a type of structure with advan- 
without precedent in structural 


tages 
welded fabrication. Does any one know 


of any comparable peacetime structure? 


Caown Of Aan 
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Typical welded rigid frame bent-invert in water. 


J 


Bents: 5 ft. €. C. 
designs are for average cover, 14 ft.) 


Korn 


Rigid Subway Frames 


Estimated weight, 7900 Ib. 


- 
MASTIC 


(Vote: Above 


THe WELDING JOURNAL 


Aare 

| 

eee 
eee 

eee 
jeee| 
j 

| 

| 
| 

} | \ | 
| 
a 


It is not my intention here to take up a 
crusade for welding, for nothing I would 
say could compare with the factual record 
in the’ Voice of the Fabricators” just heard 
I would, however, subscribe unremittently 
to a crusade for truth and honesty about 


welding. 

To this end I shall delve just a bit into 
my confidential file with regard to the 
welded rigid frame subway investigation 

One of the largest fabricators told me 
that when the bidding time came, he would 
sharpen his pencil and “go places” if I 
used haunced or square knees (they are the 
only type I would use A shipbuilding 
company official proclaimed its vast sav- 
The official 


of another shipbuilding company looked 


ings in a review of the design 


forward eagerly for an opportunity to bid 
on this work which he believed could be 
produced for a new record output by his 
organization, 

The owner of « fabricating and welding 
shop declared this type of work a “dream 
of a production job that comes only once 
in a lifetime.” 

I can go on with a list of other favorable 
comments and letters, supporting the 
welded rigid frame subway bent design in 
tune with the “Voice of the Steel Fabrica- 
tors.”’ Let us, however, turn for a moment 
away from the sunny side to observe a 
huge shadow cast over welding In astate- 
ment comparing the costs of the welded 
rigid frame subway bent with the standard 
articulated riveted bent, a large fabricator 
declared that the welded rigid frame would 
cost almost three times as much as the 
riveted bent Does any one here believe 
that the welded rigid frame bent in Fig. 7 
or in Fig. 9 would cost 2 to 3 times as 
Th il 


statement, stripped from its diplomatic in- 


much as the riveted bent in Fig. 8? 


tegument, would read “We want much 
more steel and no welding 

It is my belief that if the above fabricator 
were familiar with the new possibilities for 
new markets afforded by execution of the 
welded rigid frame subway project, he 
would get in tune to lead with the com- 
mand “Let's Go!” for rigid frame subways 


LET’s Go! 


Los Angeles, San Francisco, Washington 
and other cities both here and abroad are 
conducting studies for new subways 
Toronto, Philadelphia and Chicago have 
new subways in process of construction. 
Subways remain a dream toward which all 
large cities aspire for the optimum in rapid 
transit. 

Most of those cities begin their plans 
with all-conerete construction, and you 
will observe that such construction is al- 
ways massive, slow in completion and its 
form somehow a reminder of construction 
of ancient times Steel fabricators are 
precluded right from the start from ever 
reaching forth into such markets 

Why is concrete construction selecte |? 


Mainly for economy 
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Can the steel industry get a look into it? 
Yes, with welded rigid frame construction 
and only that type, packing the greatest 
strength in the least space in the speediest 
construction time 

How could the steel industry get started? 

By leading the way with rigid frame 
subway construction right now in New 
York City 


to show what Steel can do with mass pro- 


the best opportunity for them 


duction 

How about the 23 to 25°, reduction in 
steel tonnage which they would sacrifice 
to New York City’s benefit? 

That very savings would boomerang 
back in their hands opening up new mar- 
kets never before considered available! 
The greater the savings in steel, the more 


And it 


is Just this difference, plus the savings in 


public interest would they invite. 


excavation, plus the factor of speedy con- 


struction possible only with structural 
steel, that would ring the bell for structural 
steel subways where concrete construction 
alone has been used, for subways in cities 
that heretofore could not afford them. 
The late Chief Engi- 


neer of New York Subways, once told me 


lobert Ridgway, 


that officials from principal cities every- 
where who were interested in rapid transit 
had come to y isit him and study the New 
York subway system. The new markets 


thus will not only become national but 


international Subways now in South 


America were built under American engi- 
neering direction 

This briefly is the business analysis out- 
newer ind 


lining the possibilities for 


greater markets against the immediate 
reduction in steel requirements If this 
makes horsesense and vou now feel alerted 
to sharpening vour pencil to a new ap- 
proach, let us concentrate on a thumb-nail 
sketch and reeapitulation of the welded 
rigid frame subway bent from a fabricator s 


production standpoint: 


a Fabrication involves mass produc- 
tion ot identical knees welded to 
the sidewall columns and to the 
roof and floor beams 

(b) Jigs of only one size are required for 
the outside corner brackets and 
of a single size for the interior 
brackets where there are no floor 
beams 

‘ For frames with floor beams where 
the invert is under water, there 
again a single size jig is required 
for the corner brackets and one 
for the interior brackets in the 
floor. 

(d) Field welding is confined only to 
locations in the roof or floor 
beams near points of contraflex- 
“ure. In some cases, as for ex- 

ample the site shown in Fig. 4, 

the rigid frame can be field 

welded flat on site thus making 
for instant and most economical 


erection 


e) Each bent is a simple complete 
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structural unit u itself free 
and independent of its adjacent 
bent except at stations Thus 
there is no problem of erection 
tolerances or clearances in this 
work that is encountered in 
welded tier buildings. Only the 
subway stations would be com- 
parable in that respect and as 
one-story structures they would 
present no problem new to 
welded structural design or to 


fabricators. 
That completes the picture In compen- 


Viewing it as a cold business propo- 
markets and oppor- 


dium 
sition offering new 
tunities and new sources of proht to the 
entire steel and welding industries, profits 
tou every one except to me, am I too opti- 
mistic to believe that the command, “Let's 
go with welded rigid frame subway bents!”’ 
will now be boomed without a single excep- 
tion to the tune of the above recording ot 
the “Voice of the Steel Fabricators?” 

It is my firm belief and hope that the 
steel fabricators will bend forward with 
new efforts geared to modern semi-auto- 
matic welding equipment, dig in and set 
up new records in the manner of the war 
keeping with the 


production period ‘in 


traditional American spirit ol progress, 


producing more and better products at 
lesser costs for more consumers, building 
lesser 


more subways for more cities at 


welded steel rigid frames! 


costs via steel 
FAITH 


More than 30 vr. ago when the late 
Clifford Holland was still engaged in re- 
search for the design and construction of 
Hudson 
learned from him some of the 
No matter what con- 


his vehicular tunnel under the 
tiver, I 
pains of ploneering. 
clusions were reached after long study by 
him and his associates, there were always 
other engineers who differed widely or 
even declared that his tunnel design could 
not be built. The difference between Hol- 
land and the dissenters was the usual 
difference between pioneers—those who do 
things and those who talk them. Some of 
the incidents told me in private were pub- 
lished in later vears in the ASCE. Pro- 
ceedings. 

The welded rigid frame subway bent did 
not come forth in its present state of de- 
velopment as a technically efficient and 
sound design without its own brand of 
labor pains. The statement “It cannot be 
done” was bounced along its path ol prog- 
ress with minor hurdles and criticisms all 
olw hich today are like sO much water over 
the dam. Perhaps my long service and 
battle experience 4s an Infantryman served 
to steel me against the many obstacles of 
that nature and prepare me to pursue the 
objective to victory, do or die. And IT am 
reminded of the cryptie words of my old 
army mentor, the late Gen. George H 
Patton, “If it ean’t be done, let's do it!” 
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If there is any engineer of mature age who 
has gone through life without designing 
structures that ‘could not be designed,” 
without building structures that ‘could 
not be built,” he has missed what I con- 
sider among the greatest thrills in pro- 
fessional engineering. 

It was obviously in anticipation of every 
variety of obstacle and criticism that so 
much time and energy were spent to make 
the investigation and study of the welded 
rigid frame subway bent as thorough as 
possible. When the time arrived for its 
presentation to the City of New York, I 
felt prepared. 

At this time, almost 40 yr. after I 
started construction of the first concrete 
rigid frame subway shown in Fig. 1, its 
grandchild, the welded rigid frame subway 
bent, emerges in life’s twilight as a grand 
adventure-—-its prize and compensation 
realized in the official recognition that it 
can be done, that it is safe and economical. 

Neither can anything be so gratifying 
and encouraging as the acclaim accorded 
this design by so many fellow engineers 
who have reviewed it, a few of whom may 
be in this audience today. 

If now in the name of this national audi- 
ence of the AMerIcaN WELDING SocieTy 
it were possible for me to donate to New 


York City the cash sum of $10,000,000 to- 
ward their new subway costs even as 
New York pursued the conventional de- 
sign of riveted construction, that sort of 
gift would not be so valuable to the future 
of subway construction, to science, to in- 
dustry and particularly to every one pres- 
ent as would this opportunity of using 
welded rigid frames. 

In line with my original plan beginning 
in 1925 and reaffirmed later in 1937 and 
1938, I will as soon as I am commissioned 
Consultant on this project consider all ex- 
pense incurred throughout the entire de- 
velopment of this design, its research, its 
patent, its rovalty, a gift to technical prog- 
I will act similarly toward other 
toward 


ress. 
municipalities, steel fabricators 
and contractors planning to pioneer welded 
rigid frame subway construction. 

The great adventure is now behind me 
with its vears of work and trials and costs; 
its prize is before you technically complete 
and officially approved, yours to exploit to 
the full for its accomplishments, its profits 
and new markets that await you. The 
greater your accord in its reception, the 
greater will be your reward. It is hoped 
that it will command your individual as 
well as your united interest and whole- 
hearted support. 
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elding of Stainless Clad Steel 


by Perry C. Arnold 


INTRODUCTION 


ACH fabricator of welded vessels is required, by 
various codes and specifications, to properly qualify 
the welding procedure that he intends to use on a 

In so doing, the manufacturer encounters 


structure 


® Problems encountered in the field erection of thin and 
Heavy Gage stainless clad steels and their solutions 


welding of mild or slightly hardenable steel. 


and much harder to solve than those encountered in the 


Not only 


must the physical requirements of the tensile and bend 


tests be met, but also certain corrosion requirements. 


The primary purpose of this paper is to describe a few 


ing of field constructed stainless clad vessels. 
attention is called to the facet that the problems to be 
deseribed concern only field erected vessels. 


of the problems that have been encountered in the weld- 


Your 


The field 


numerous problems that have to be solved before the 
physical requirements of the qualification procedure 
ean be fulfilled. 

Many have found that the problems associated with 
the welding of stainless clad steel are more numerous 
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has many difficulties to overcome that are seldom en- 
countered in the shop. Some of these are: weather 
conditions, welds made in all positions, shaking scaffolds 
and quite regularly the welding must be performed on a 
structure high in the air. 

A secondary purpose of this paper is to encourage 
others who have encountered similar difficulties to de- 
scribe their particular problems and solutions. — It is be- 


lieved that many welding engineers have discovered val- 
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uable facts concerning the welding of stainless clad steels 
but hesitate to discuss them thinking that they are 
of minor importance. The final solution of most weld- 
ing problems comes from the development and use of 
many seemingly trivial details. Progress is always 
rapid when ideas are exchanged freely. 
many willing to help solve the problems when the prob- 


There are 
lems are made known. 


WELDING OF RELATIVELY THIN STAINLESS 
CLAD MATERIAL 


Many field fabricated storage vessels for corrosive 
products are made of * j,and ,-in. clad material. The 
stainless portion varies from 10 to 20°; of the thickness 
of the material. This thickness requires different joint 
details and welding procedures than heavier material. 
Figure 1 shows two joint designs that are quite com- 
monly used. Several different welding procedures may 
be used on each type 

A standard procedure is 
to first weld the mild steel 
side with mild steel elec 
trodes, then to back-chip or 
grind the stainless side to 
clean weld metal and, 
finally, to weld the stain- 
less steel side with stain 


When 


this procedure is followed, 


less steel electrodes. 


there always is danger of 


the mild steel deposit pene- 
trating into the cladding 
and picking enough 
chromium or nickel to make 
a very brittle hard weld 
There is also the problem 


of mild steel weld particles 
blowing through the joint 
and becoming imbedded in 
the stainless steel surface. 


Fig. 1 Stainless clad joint These 
details moved will give corrosion 
trouble under certain serv 
ice conditions. These particles can be discovered by 
washing the cladding with either dilute nitric acid or a 
saturated solution of copper sulphate 
A simple solution to both of the above problems is to 
weld both sides of the joint with stainless steel elee- 
trodes. The additional cost in using stainless steel 
electrodes is largely offset by a saving of time in back- 
chipping or grinding of the joint and cleaning of the 
clad surface. The mild steel side of the joint should 
always be welded first unless the welding position re- 
quires that the stainless steel side be welded first in order 


Also, 


many have learned that depositing a bead on the mild 


to provide down-hand back-chipping or grinding. 


steel side after the stainless steel weld has been com- 
pleted facilitates the cleaning of the slag from the stain- 


less steel weld beads 


OcTOBER 1949 Arnold 


Stainless Clad Steel 


Fig. 2 Stainless clad free bends 


Figure 2 shows six free-bend specimens taken from a 
test plate welded with mild steel and stainless steel elec- 
trodes. The cladding was of the 18 Cr-8 Ni type and 
welded with 25 Cr-12 Ni electrodes (lime coated). 
The mild steel portion was welded with E6010 elec- 
Three specimens were bent with the mild steel 
The other three were bent 


trodes. 
(M. 8.) surface in tension. 
with the stainless steel (S. S.) surface in tension. The 
elongations secured in the as-welded condition were: 


in S. S. in 
Specimen No. tension, % tension, % 
M-1 52 
M-2 36 
M-3 36 
M-4 44 
M-5 36 
M-6 36 


Figure 3 shows six free bend specimens taken from a 
test plate where both the mild steel and stainless steel 
sides were welded with stainless steel electrodes. 
Again the cladding was of the 18 Cr-8 Ni type and both 
sides were welded with 25 Cr—12 Ni electrodes. In the 
as-welded condition the elongations secured were: 


M.S. in S.S.in 
Specimen No tension, % tension, % 
S-1 32 
S-2 35 
8-3 30 
S-4 28 
S-5 28 
S-6 29 


Fig. 3 Stainless clad free bends 
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WELDING OF STAINLESS CLAD MATERIAL 
OF */, IN. THICKNESS OR MORE 


The welding of heavy clad material presents many 
problems to the welding engineer. This is especially 
true when the welds have to be made in the field and in 
all positions. The heavy material provides high re- 
straint and fast quenching of the weld beads which often 
produce cracks and low ductility in the weld metal and 
fusion zones. We have found that it is much more 
difficult to qualify the welding procedure for the hori- 
zontal welding position than for any other position. 
Due to this fact, the following discussion and data will 
refer to experimental test plates that were welded in the 
horizontal position. All plates welded and tested 
were large enough to provide restraint and fast quench- 
ing of the weld metal. Field welding conditions were 
approximated as closely as possible. 

Figure 4 shows 
a joint detail that 
has been recom- 
mended by many 
for the welding of 
heavy stainless 
clad) material. 
This detail re- 
quires most of the 
weld metal to be 
deposited from one 
side. It also re- 
quires the deposit- 
ing of the least 
amount of stain- 
less steel weld 


Fig.4 Heavy plate 
stainless clad joint 
details 


Fig. 5 Test plate as shown in Fig. 6 Heavy 
4 after welding. Note excessive 


warpage 
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metal. It also is one of the easiest joint details to qual- 
ify in accordance with the code requirements. Unfor- 
tunately, many purchasers object to its use because of 
two very good reasons. 

First, since the major portion of the weld metal must 
be deposited from one side of the joint, the plate tends 
to distort and buckle badly. 
in Fig. 4 after all welding has been completed. Note 
the tendency of the plate to warp toward the mild steel 
side of the material. Secondly, note that the depth of 
the stainless steel weld metal is over twice the thickness 
of the cladding. 


Figure 5 shows the plate 


Many purchasers object to having 
this amount of cross-sectional area filled with stainless 
steel weld metal, especially if the clad material must 
work at relatively high temperatures. 

The above objections are overcome by another joint 
design as shown in Fig. 6. The mild steel portion of the 
material can be welded from both sides which overcomes 
the distortion problem. The thickness of the stainless 
steel weld metal can also be held toa minimum. Figure 
7 shows the plate in Fig. 6 after all welding has been 
performed. Note that the distortion is held to a mini- 
mum as is likewise the thickness of the stainless steel 
weld metal. 
metal is required than in the single-vee groove weld be- 
cause of the greater width of the face of the stainless 
steel weld. We have also found this joint far more diffi- 
cult to qualify as will be shown later. Nevertheless, 
many prefer this type of joint and it is rapidly approach- 
ing standardization. 

Figure 8 shows a number of free bend specimens taken 
All specimens were 


However, much more stainless steel weld 


trom the single-vee groove weld. 
bent with the clad portion in tension. The backing is 
l-in. thick A.S.T.M. A201 Grade A material. The 
cladding is approximately ' ,-in. thick, Type 410 ma- 
terial held to a maximum of 0.08 carbon. The mild 
steel portion was welded in the horizontal position with 


plate stainless Fig. 7 Test plate as showrt in Fig. 6 


after welding. Note warpage is held 
toa minimum 
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Fig. 9 Free-bend specimens from double-vee type groove 


Fig. 8 Free-bend specimens from single-vee type groove dition. All of the specimens were machined as per code 
requirements. The clad surface was hand polished to 
E6010 electrodes. The cladding was also welded in the remove the effects of work hardening. 

horizontal position with 25 Cr-12 Ni electrodes (lime The stainless steel weld metal gave the following 
coated). The plate was allowed to cool to room tem- elongations: 

perature (70° F.) after each bead was deposited. The 


specimens were bent in the as-welded condition. The 


Specimen Initial gage Final gage Diffe rence Elongation, 
weld metal gave the followi long: length length i 

stainless steel weld metal gave the tollowing elongations: ength, in ength, in F 

80 93 2 

81 2.3 
Spee amen Initial gage Final gage Difference, Elongation, ‘ SI 90 

length, on length, in in 81 oS 


Sl 93 
81 
81 Qs 


0 0.09 
0: 0 06 
0 52 0.12 
0: 0 10 
0 0 09 
0 0.09 


Note that all of the free bend specimens, with the ex- 
ception of H-2, elongated the required 20°). However, 
as stated before, the excessive warpage resulting from 
this procedure plus the greater depth of stainless steel in 
the mild steel portion of the joint, prohibits its use on 
many jobs. 

Figure 9 shows a number of free bend specimens taken 
from a double-vee groove weld. All specimens were 
bent with the clad portion in tension. The clad ma- 
terial is the same as described for the single-vee joint 
£6010 electrodes were used for the mild steel weld 
metal and 25 Cr-12 Ni electrodes were used on the elad 
side. All beads were deposited in the horizontal posi- 
tion and allowed to cool to room temperature between 


passes. All specimens were bent in the as-welded con- Fig. 10 Free-bend specimen after elongating 21% 
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in 4 H-6-D) 0 0.15 18.5 
H-3 30 0 H-7-D 0 0.17 21.0 a 
H-5 22.5 
H-6 22.5 
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It is apparent from the above elongations that the re- 
quired 20°, elongation is not easily or consistently se- 
Figure 10 is a face view of a bend specimen that 
elongated 21°%. Note the minute failures in the stain- 
less steel weld metal. Also note that the weld metal 
tends to elongate primarily in the refined and annealed 
zones produced by one bead overlapping another. 


cured, 


In our search for a welding procedure and electrodes 
that would give us consistently acceptable results, many 
experimental plates were welded and tested. Numer- 
ous combinations of electrodes were used such as E6010, 
E6013 and low-hydrogen electrodes for the mild steel 
side, and 25-12, 25-12 Cb, 25-20, 25-12 Cb plus 18-8, 
ete., for the clad side. Stress-relieving of the specimens 
was also tried to see if it might not be easier to secure 
30° elongation on stress-relieved specimens than 20; 
on nonstress-relieved specimens. Metallurgical speci- 
mens were made of the failed stainless steel weld metal 
in hopes of learning the cause of the failure. Each of 
these experiments contributed its part to a solution of 
the problem. 


Fig. Ul 


metal and mild steel weld metal (at bottom). 200 X 


Figure 11 is a photomicrograph of the junction of 25 
12 weld metal with mild steel weld metal. Consider- 
able diffusion of carbon into the weld metal along the 
columnar grain boundaries can be noted. Other metal- 
lurgical specimens revealed many minute cracks on the 
grain boundaries of the columnar structure of the 25-12 
weld metal. We reasoned that if carbides were precipi- 
tating on the grain boundaries and contributing to fail- 
ures, then 25-12 electrodes stabilized with columbium 
should tie up the carbides and prevent failures. 

Figure 12 shows three free bend specimens taken 
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Fig.12 Stainless clad free-bend specimens. Clad portion 
welded with 25 Cr-12 Ni-Cb electrodes 


from plates that were welded with 25-12 Cb electrodes. 
Note that the appearance of the stainless weld metal is 
good. However, the elongations secured on these three 
specimens were only 17, 18 and 19°%. We had sue- 
ceeded in improving the appearance of the stainless weld 
metal, but we had failed to secure the required 
20°% elongation. 

We next tried stress-relieving several specimens 
that were welded with the 25-12 Cb electrodes. 
Again the specimens after bending showed sound 
stainless weld metal free of the small fractures, 
but short of the required 30°; elongation by 2 or 
3%. 

Close inspection of the bend specimens indi- 
cated that the cladding was elongating more than 
the stainless weld metal. This meant that the 
weld metal was too strong for the cladding. 
Tensile specimens also substantiated this point. 
Did this mean that the weld metal should be 
made weaker in order to secure more elonga- 
tion through the weld?) The Chairman of the 
A.S.M.E. Boiler Code Special Committee on Clad 
Vessels was consulted on this point. His reply 
was to the effect that he was aware of this prob- 
lem but thought that the code elongation require- 
ments should be met. At this point may we call 
to vour attention the fact that the A.S.M-.Ie. Code 
Case 896 has since been revised to allow reduction 
of the base metal thickness below the stainless 
weld on transverse specimens and to allow the 
making of longitudinal free bend specimens. 

These new procedures force the weld metal to 
yield as much as the surrrounding cladding. 

However, before Code Case 896 was revised and 
adopted, we succeeded in discovering a welding pro- 
cedure that would give satisfactory transverse free 
Our first thought was to make the weld metal 
This 
meant the use of straight chromium electrodes. In 
order to use these electrodes, the clad material would 


bends. 
as nearly similar to the cladding as possible. 


have to be preheated, postheated and _ stress-relieved. 
This procedure would often prove both impracticable 
and uneconomical on many field jobs, so it} was dis- 


carded and other procedures tried. 
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Fig. 13 Stainless clad free-bend specimens. Clad portion 
welded with 25 Cr-12 Ni-Cb electrodes (lst layer) and 
19 Cr-9 Ni electrodes (2nd layer) 


Since the 25 Cr-12 Ni stabilized weld metal had per- 


formed so well in tests, we continued to use 25-12 Ch 


electrodes in combination with others. Figure 13 shows 


several transverse bend specimens taken from 1'/s-in. 
thick, Type 410 clad plates that were welded in the 
horizontal position. The mild steel portion was welded 
with £6013 electrodes. The clad portion was welded by 
depositing two layers of stainless weld metal. The first 


laver was made with 25 Cr-12 Ni columbium stabilized 


electrodes and the second or outer layer was made with 
19 Cr-9 Ni electrodes. Each laver consisted of several 
string beads each of which overlapped the preceding 
bead about half the width of a bead and, in turn, was 
similarly overlapped by the succeeding bead. Each 


bead was deposited only after the plate had cooled to 


room temperature. Careful attention was paid to the 
welding procedure so that it would approximate field 


conditions. The elongations secured were satisfactory 


as evidenced by the following data: 


Initial Final 


Speci- gage gage Dif- Elonga- 
men length, length, ference, tion, 
No. in in, in o/ Remarks 
A 1 1.30 0.30 30 Stress relieved 
B l 1.35 0.35 35 Stress relieved 
a 1 1 30 0 30 30 Stress relieved 
D 1 1.31 0.31 $1 Stress relieved 
iD l 1.22 0 22 22 Not stress relieved 
F l 1.20 0.20 20 Not stress relieved 
G 1 1.2 0 23 23 Not stress relieved 
1 ia Not stress relieved 


The above procedure is very costly; to our knowledge 
it never has been used on a vessel, and unless extremely 
unlikely service conditions arise which warrant a trial it 
probably never will be so used since many vessels 
welded on the clad side with 25-12 or 25-20 electrodes 
have performed very well. 

In conclusion, may the author emphasize the fact 
that this paper is based on an effort to develop, by 
thought and experiment, procedures for welding clad 
vessels in the field, under field conditions, which will in- 
sure good service performance. It is hoped that this 
paper will bring to the code committees, welding engi- 
neers and electrode manufacturers a realization that the 
results of laboratory tests are inapplicable to field weld- 
ing of clad vessels unless the experiments are made on 
large and thick plates which restrain and quench the 
welds just as actual vessels do. 

Again the author invites others to write papers and 
freely discuss their problems and experiments in weld- 
ing stainless clad materials. At the present time there 
is need for additional data, which may be known but 
not widely available, concerning the welding of Type 
105 cladding which is supposed to be nonair-hardening. 
On numerous occasions, under field conditions, it has 
proved to be air-hardening and low in ductility. 


Society. 
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The internationally known book on the above subject originally written by Henry & Claussen 
has been completely revised, enlarged and brought up to date by G. E. Linnert. 
505 pages, handsomely bound, price $2.50. Order your copy now! 
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ircuit, Analysis of Frequency-Changer 
Velders 


® Analysis of the principal electrical characteristics 
of the main power circuits of frequency-changer 


welders. 


by W. kh. Boice 


INTRODUCTION 


HE growing use of frequency-changer welders has 

stimulated much interest in their design and oper- 

ating characteristics. This paper presents the 

results of an analysis of the principal electrical 
characteristics of the main power circuits of such 
welders. 


ADVANTAGES OF FREQUENCY-CHANGER 
WELDERS 

A frequeney-changer welder has a higher initial cost 
than a comparable conventional single-phase welder, 
but in many cases offers definite advantages which more 
than compensate for this additional cost. 

The advantages offered may be classed as welding 
advantages and electrical input advantages. 

Discussion of the welding advantages is bevond the 
scope ot this paper. These advantages, and alternative 
methods of obtaining them, have been discussed in 
previous literature.'~ 4 

The electrical advantages accrue from the reduced 
kva. demand, improved power factor and (usually) 
the 3-phase character of the input as compared with 
the load drawn by a conventional single-phase welder. 
less line current and, for any given 
Hence the user may 
reduce the cost of equipment required to provide an 


These result in 
supply system, less voltage drop. 


adequate power supply or may be able to use an exist- 
ing supply which could not aecept conventional welders 
for a proposed welding job. 


SCOPE OF PAPER 


This paper does not discuss economic considerations 
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Electrical advantages are indicated 


involved in the choice between conventional welders 
with a supply adequate for them and frequency- 
changer welders with a less costly supply because these 
considerations have been outlined previously. 

Furthermore, comparison of frequency-changer weld- 
ers with other types which also have relatively low kva 
demand will not be made in this paper." 

The paper does discuss comparison of frequency- 
changer welders with 60-cycle conventional single-phase 
welders. 

The information presented describes the electrical 
characteristics of frequency-changer welders in sufficiont 
detail to help the welder user to decide whether or not 
such a welder should be used for a particular job, if he 
has data on other alternatives. It will permit the 
welder manufacturer to accurately predict the input 
to a frequency-changer welder. This will help the user 
in proper selection of power-supply equipment from the 
standpoints of voltage drop, heating of conductors and 
proper settings for short-circuit protective equipment. 

In addition, formulas presented will permit designs 
of welders, and welder controls, which will make effee- 
tive use of materials and avoid troubles from certain 
possible forms of circuit behavior, such as are-throughs 
and sparking at electrode tips. 

The information considered of widest general interest 
is given in the main body of the paper, while additional 
analysis, of primary interest to welding-machine manu- 
facturers, is included in appendixes. 

The analysis presented applies specifically to the most 
widely used frequency-changer circuit, which employs 
a 3-phase input. 

It is h»ped that the paper will contribute to a better 
general understanding of the characteristics of such 
machines. 


PRINCIPAL CONCLUSIONS 
1. Harmonics in the line current (components at 
frequencies higher than the line frequency) have no 
important effect on the rms. line voltage drop, in most 
cases. Consequently, the voltage drop may be cal- 
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culated on the basis that the load is a 3-phase sine- 
wave load, equal to the vector kva. at the vector power 
factor. 

2. The reactance between primaries of the welder 
transformer has an important influence on electrical 
characteristics. Decreasing this reactance improves 
the input power factor, and reduces the no-load second- 
ary voltage required to deliver a specified welding cur- 
rent. 

3. Ignitron tubes used for frequency-changer weld- 
ers are subjected to higher inverse voltages than tubes 
for conventional single-phase welders for the same 
supply voltage. 

t. Simple formulas are now available for predicting 
the electrical performance of frequency changer weld- 
ers, on the basis of design data. 


CIRCUIT ANALYZED 


The welder power circuit analyzed is shown by Fig. 
1. It consists of six electronic tubes and a welding 
transformer with one secondary and three primary 
windings. All windings are on the same core. A pair 
of tubes, connected in parallel with each other, is con- 
nected in series with each primary winding. 

Each primary winding, in series with its pair of tubes, 
is connected line-to-line across a different phase of the 
3-wire, 3-phase supply. 

The primaries are connected so that each terminal 
having a given polarity with respect to the secondary 
is connected to a different line. 

The tubes of a pair, for each primary winding, are 
connected to pass current in opposite directions. 


SEQUENCE OF OPERATION 


The tubes are controlled in 2 groups of 3 tubes each. 
In Fig. 1, 
one group (tubes .1, B, C) consists of the upper tube of 
constitute 


Each group contains one tube of each pair. 


The remaining tubes (A’, B’, ¢ 


each pair. 


PRIMARIES 
J 
GNITRONS 
POLARITY MARKS 
NOTE SECCNOARY 
ALL TRANSFORMER 
WINDINGS ON SAME 
CORE 
WELD 


Fig. | Power-circuit diagram of frequency-converter welder 
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the other group. Every tube in a group is connected 
in a direction corresponding to one polarity of induced 
secondary voltage. The tubes of the other group are 
connected to correspond to the opposite polarity of 
secondary voltage. 

Figure 2 shows the primary connections schematically 
with the tubes of one group represented by dashed lines 
and of the other group by solid lines. 

The control circuit first blocks one group of tubes 
from operating. The tubes of the other group are per- 
mitted to operate, and each carries current when its 
anode-to-cathode voltage is in the proper direction. As 
a result, the tubes of this group take turns carrying 
current. Current commutates from tube to tube, so 
that current is transferred to the primary winding 
having the highest applied voltage of the proper polar- 
itv. The current in each winding induces a voltage 
in the secondary of the same polarity. Thus current 
builds up in the secondary, and is maintained in the 
same direction for several supply frequency cycles. 
Then the starting of all tubes is blocked, and the current 
allowed to decay to zero. Then the other group of 
tubes is permitted to operate, and current is built up 
in the secondary in the opposite direction. 

Thus repeated pulses of current in alternate directions 
Consequently the second- 
current. The 


flow through the secondary. 
ary carries. single-phase alternating 
frequency of alternation is considerably less than the 


frequency of the 3-phase power supply. 


SECONDARY NO-LOAD VOLTAGE 


The wave shape of the no-load secondary voltage 
is shown by Fig. 3. Figure 3 (4) shows this voltage 
when there is no delay (cool time) between secondary 
half-eycles. 

Figure 3 (B) shows the effect, on no-load voltage, of 
retarding the starting of each heat time, thus introduc- 
ing a cool time. Also, in the case shown, the first tube 
for each polarity is delayed slightly (30°) until the 
normal starting angle for succeeding tubes is attained. 

Figure 3 (C) is similar to Fig. 3 (B) except that the 
heat time is essentially the same as for Fig. 3 (A), so 
that the secondary frequency is reduced by increase in 
the total time for one cycle 

Figure 3 (D) shows the effect of supply frequency 
phase control, retarding the firing of each tube beyond 
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TIME SCALE 


© 120° 240° 360° 
OEGREES AT LINE FREQUENCY 


Fig. No-load secondary voltage 
its normal starting time. Also in the case shown, 
starting at each polarity is delayed about ' » cycle 
(supply frequency) so that conduction always begins 


_ with Phase A. 


The average value of no-load secondary voltage 


' during one heat time is approximately? 


: 33 E cosa 1.17 FE cosa 

Ea = ( ) - = - (1) 
N N 

where* 

ky = average secondary voltage (no-load). 

k& = rms. primary voltage (line-to-line). 

N= turns of one primary/turns of secondary. 

a = angle of phase retard beyond normal full heat 

firing angle. 

When firing occurs at the point 30° after the begin- 
ning of each primary wave, the angle of retard is zero, 
and cosa = 1.0. 

Since the wave approaches a rectangular form, the 
rms. secondary no-load voltage is practically the same 
as this average voltage. 

In practice, open-circuit secondary voltages may not 
be obtainable, because there is insufficient transformer 
input current to cause tube ignition when the welder 
electrodes are open circuited. However, the calculated 
no-load voltage is a convenient value for use in pre- 
dieting welder performance. 


SECONDARY VOLTAGE REGULATION 


When current flows in the transformer windings, the 
wave shape of the secondary voltage is altered some- 


* Complete nomenclature is given in Appendix D. 
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what, and its average value is reduced below the no- 
load value. This effect is similar to that of a conven- 
tional 3-phase rectifier, and results from the fact that 
current cannot commutate instantly from one primary 
winding to another. 

The effect on the voltage induced in the secondary is 
shown by Fig. 4 (A) for the case of no phase control 
and constant secondary current. The dotted lines 
show the secondary voltage sine waves corresponding to 
the primary line voltages. From Point 1 to Point 2 
only Primary A is carrying current. Since transformer 
magnetizing current is practically negligible, this prim- 
ary current equals the secondary current, divided by 
the turn ratio. The voltage of Phase A is applied to 
Primary A, and this same voltage is induced in the other 
two primaries (if the resistance drop and tube drop in 
Primary A is negligible, and the secondary current is 
not changing). 

At Point 2, the voltage of Phase B begins to exceed 
that of Phase A; consequently the voltage of Phase B 
also begins to exceed the induced voltage in Primary 
B. This causes positive voltage to appear between 
anode and cathode of one of the tubes in series with 
Primary B, and this tube begins to conduct. 


EFFECT OF LOAD CURRENT 
(NO IGNITION RETARD) 


EFFECT OF IGNITION RETARD 
(LOAD CURRENT PRESENT) 


TIME SCALE 
ie) 120° 240° 


360° 


DEGREES AT LINE FREQUENCY 


Fig. 4 Induced secondary voltage 
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For a short time after this tube begins to conduct, 
2 tubes are conducting, since the current in the tube for 
Primary A cannot go out instantly. During the time 
that both tubes (A and B) are conducting, the voltages 
applied to primaries A and B are equal to the correspond- 
ing line voltages, less the tube drop. After Point 2 
these two applied voltages become different in magni- 
tude, so that the voltage across Primary B becomes 
larger than that across Primary A. The difference in 
voltage is the difference in magnitude of the two line 
voltages 

Current therefore builds up in Primary B and dimin- 
ishes in Primary A, and the rate of change is determined 
principally by the leakage inductance between these 
two primaries, and the difference of applied voltages. 

When the current in Primary A reaches zero, con- 
duction stops in this winding because the tube for cur- 
rent in the reverse direction is blocked from operation. 

At this time (Point 3, Fig. 4 (4)) the current in 
primary B has built up to the value corresponding to 
the secondary current. Thereafter, this current is 
carried by Primary B until Point 4 is reached, when 
commutation to Primary C begins 

During the period 2-3 the voltage induced in the 
secondary is about midway between the values cor- 
responding to the voltages of the two conducting phases 
Therefore, as shown by Fig. 4 (A), the output voltage 
during the period 2-3 is less than for the case of no 
Thus the average output voltage 


is reduced, in an amount depending on the time 2-3. 


secondary current. 


The time 2-3 is increased by increasing the leakage 
inductance or by increasing the secondary current, 
because both of these factors increase the time required 
for the available voltage difference to reduce the current 
of Primary A to zero 

When ignition is retarded as by heat control, com- 
mutation does not begin until after Point 2 is reached. 
This is illustrated by Fig. 4 (B) 

The average secondary voltage is approximately 


Ee = Ew 2 
where 
ky = average secondary voltage. 
= average no-load secondary voltage (see 
formula 1). 
= average reactance between primaries (at 
supply frequency). 
I, = secondary current. 


It may be observed that this formula is exactly equal 
to the corresponding expression’ for 3-phase half-wave 
rectifiers of line-to-neutral voltage equal to the actual 
line-to-line voltage, and commutating reactance per 
phase equal to half of X,>. 

The reactance between any two primaries may be 
measured by shorting one primary winding and apply- 
ing a.-c. voltage to the other, when the secondary and 
the third primary are open-circuited. 

+ The effect of transformer resistance and of the leakage 
inductance between primary and secondary may be 
considered by adding these values to the secondary 
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Fig. 5 Secondary current 


circuit resistance and inductance, respectively. 


SECONDARY CURRENT 
Typical secondary current waves are illustrated 
by Fig. 5. The corresponding secondary voltages are 
shown by dashed lines. 
The peak value of secondary current may be obtained 
from the following formula 


Eto 
R + 
here 
I, = peak secondary current. 
R = total resistance, referred to secondary, of one 


primary and the secondary circuit, including 
the weld. 

If R and X,, are expressed in ohms, the term (3 Y>,) 

t + N? will usually be from 5 to 30°% of R. The value 
R, is for low-frequency operation. Tests have indicated 
that FR is slightly less than the resistance obtained by 
tests at 60 cycles. 

It may be noted that as heat adjustment is made by 
ignition retard, J, is reduced in the same manner as 
Ey. Hence the heat setting is 100°; times cos a. 

The rms. value of secondary current measured over 
one heat time may be determined by the following 
formula 


KE«, 
= (4) 
V [R + + X? 
where 
i, = rms. secondary current measured over one heat 
time. 
X = reactance of welder at the maximum secondary 


frequency (f) obtainable with the heat time 
employed. 

K = factor’ to account for squareness of secondary 
voltage wave. Approximately, A = 0.91, 


for most cases (when N/R is between 0.5 
and 1,5). 
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It will be noted that voltage corresponding to the last 
conducting primary is generated in the secondary until 
the current goes to zero. Hence the voltage may go 
below zero, as shown by Fig. 5 (B). This figure shows 
that the heat time with load is somewhat longer than 
the no-load heat time shown on Fig. 3 (B). 

For Fig. 5 (B), the current went to zero betore the 
secondary voltage returned to a positive value. How- 
ever, if the secondary L/R is sufficiently great, the 
secondary voltage may return to a positive value, 
increasing the current until after the voltage again goes 
This is shown by Fig. 5 (C). The secondary 
current thus may continue to flow for one or more pri- 
This 
condition causes one or more extra humps of current, 
and may occur whenever the welder L/R exceeds about 
0.64 cycles of the line frequency. This corresponds to 
welders which would have a power factor less than 


negative. 


mary cycles after tube ignition has been cut off. 


about 24, when using a single-phase transformer. 

Such humps may usually be avoided by firing Tube 
A slightly before the voltage of Phase C returns to a 
positive value. 


ARC-THROUGHS 


An are-through will occur if ignition of the reverse 
tubes oecurs before the forward current goes out. 

An example of such a fault is illustrated by Fig. 6. 
It will be seen that a large fault current flows through 
Tube C. 
wave shape to arc-back current® in a 3-phase rectifier. 

The normal starting instant for the first reverse tube 


This current is similar in magnitude and 
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Fig.7 


(A’) is at Point 3, Fig. 6. The current in the last 
forward tube (C) will go out before this point if the 
welder L/R is less than about 0.55 eycle of the line 
frequency. This corresponds to welders which would 
have a power factor of more than about 28°, when 
using a single-phase transformer. 

If this power factor would be less than about 28°7, a 
cool time, or other provision for avoiding are-throughs, 
should be used. 


PRIMARY CURRENT 


Typical primary currents are shown on Fig. 7. 

Each primary carries current !,; of the time (plus 
the short time of commutation). Also, the instanta- 
neous magnitude of the primary current is equal to the 
secondary current divided by the turn ratio, since 
saturation can usually be neglected. Hence, the rms. 
primary current is approximately 

NV3 

It may be noted from Fig. 7 that Phase C carries 
slightly more current than the other phases. 

For heat times exceeding 2 line-frequency cycles, the 
deviation from the current value of Formula 5 is only 
about 10°; or less, except when there are extra humps 
of current in the last conducting phase. As the heat 
time increases, phase currents become more nearly 
balanced. 


LINE CURRENT 
The current in each line is the difference of the cur- 
rents for the two primaries to which the line is con- 
nected. 
Figure 9 is an oscillogram showing line currents to- 


Typical line currents are shown by Fig. 5. 


gether with the corresponding secondary current. 
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Fig. 8 Line currents 


The peak value of line current is 
lup = I, N 6 

When the secondary current is fully built up, the line 
current equals this peak value during of each line- 
frequency cycle, (neglecting the time of commutation) 
Hence the rms. line current, when secondary current is 

fully built, up, is 


I, = 


Over one heat time the rms. line current is less than 


O.S15 /,, 


this maximum rms. value, because the rms. secondary 
current is less than the secondary peak current. The 


rms. line current over one heat time is approximatel, 


(7) 8 


In typical cases 7, is from 70 to 95 “7, of I 


\ \ FUNDAMENTAL | 
\ \@— COMPONENT 


++ 


LINE CURRENT 


LINE AMPERES - PHASE ONE 


60 90 120 150 180 210 240 270 300 330 360 
TIME-ELECTRICAL DEGREE OF PHASE ONE LEG VOLTAGE 
Fig. 10 Line current to 3-phase welder 


Figure 10 shows a line current trace (solid line) trom 
another typical test oscillogram during the time when 
the output current is fully built up, plotted for a period 
of one line-frequency cycle. In this same figure is 
plotted the line frequency component of the wave, 
obtained by harmonic analysis. The difference, be- 
tween this line frequency component and the actual 
wave, consists of harmonics. 

The shape of the current wave shown by Fig. 10 is 
very similar to that of a half-wave, 3-phase rectifier 
delivering constant d.-c. current 

Therefore we may use the tollowing formula for the 
rms. value of the line-frequency component of line 
current, when secondary current is fully built up. 


9 


0.674 Ipp 9 
Variations in commutation time have a negligible 
effect on this value. 
If heat is reduced by ignition retard (phase control) 
of each tube, the line current wave shape remains ap- 


Fig. 9 Oscillogram showing line current, line voltage and secondary current 
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proximately the same, although its magnitude is 
reduced in proportion to the reduction in J,, and the 
wave is shifted in a lagging direction. Consequently, 
formulas 6-9 may be used for reduced heat settings, 
by using the correspondingly reduced value of J,. 

When the secondary current is not fully built up, 
the wave shape is different than that shown in Fig. 
10, so that Formula 9 does not apply over an entire 
heat time. Over this time, the rms. line-frequency 
component is somewhat less than Jzy. It is approxi- 
mately 

trey = Ipy(i,/T,) (10) 

According to formulas 7 and 9, the totals rms. value 
of the line current is 21° higher than the rms. value 
of the line frequency component. This 21°% is the 
contribution of harmonies to the rms. current. When 
commutation time is considered, this contribution is 
found to vary from 10 to 20% in practical cases. 

Because the primary phase currents are slightly 
unbalanced, the rms. line currents over one heat time 
also differ slightly from each other. However, un- 
balance is usually less than 10°; and can be neglected 
for most practical purposes. 


KVA 
Assuming that the load is balanced, we may use the 
tollowing formula for the total rms. kva., when seeond- 
ary current is fully built up 
(KVA), = V3EI, 
The rms. kva. over one heat time is approximately 
(kva), = (KVA),(7,/I,) (12) 
The line-frequeney component ot rms. kva. is called 
the vector” kva. Therefore the vector kva., when 
secondary current is fully built up, is 
(KVA)y = V3EI,, 13 
The rms. value of vector kva. over a heat time i 
approximately 
(hve) py = (KVA),y(i, I,) (14 
It is of interest to note from formulas 1, 6, 9 and 
that 


(KAVA = 


(15) 
cos a 


POWER 
When secondary current is fully built up, the power 
input is the secondary voltage times the secondary 
current. 


P= RI, = (16) 


This maximum power value includes transformer 
losses because R includes transformer resistance and 
/, does not include transformer resistance drop. 

Over one heat time, the average power is 


p= P(r) 
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In typical cases the average power, p, over one heat 
time is from 50 to 90°% of the maximum power, P. 


POWER FACTOR 


Power factor equals the power divided by the rms. 
kva. Hence, when the secondary current is fully 
built up, the line input power factor is 

(PF), = => (18) 

The power factor of the line-frequency component of 
current is called the vector'’ power factor. It equals 
the power divided by the vector kva. Hence, when 
secondary current is fully built up, the line input vector 
power factor is 


(KV 


(PP) = (19) 

The vector power factor is also equal to the cosine of 
the angle between the line-frequency component of 
current and the corresponding line-to-neutral voltage. 
In the example illustrated by Fig. 10, the angle of lag 
is seen to be 39°, so that the vector power factor is 
78%. 

When secondary current is fully built up, the full- 
heat vector power factor of typical frequency-changer 
welders varies from 75 to 95°>. When heat is reduced 
by ignition retard, the vector power factor is reduced 
from the full-heat value in the same proportion as cur- 
rent is reduced. 

The vector power factor may be obtained from the 
following approximate formula, which applies when 
secondary current is fully built up. 


Ey 


The power factor is less than the vector power factor 
by the distortion factor resulting from the line current 
harmonics. This factor varies from 10 to 20°) in most 
cases. Based on power rectifier practice, an approxi- 
mate formula for this distortion factor is 

(PF), 3 (3) 
D=- —— » = 0.826 (21) 
(PP) zy ; (1) 

The average power factor and average vector power 

factor over one heat time have not been evaluated. 


VOLTAGE DROP 


The effect of the harmonics on voltage drop is practi- 
cally negligible, especially when the total voltage drop 
is only a few per cent. Furthermore, harmonics tends 
to slightly increase rms. voltage, and hence slightly 
reduce voltage drop. Therefore, a satisfactory approxi- 
mation to the voltage drop can be calculated by neglect- 
ing harmonies entirely. 

When harmonies are neglected, the line current is 
considered to be a sine wave, and the corresponding sine 
waves for the three phases are displaced 120 electrical 
degrees from each other. Their magnitudes are very 
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Fig. 11 Line voltage 


nearly the same. Consequently, the voltage drop may 
usually be calculated with good accuracy on the basis 
that the load is a balanced, 3-phase, sine-wave load, 
with a magnitude equal to that of the line-frequency 
component of current. 

When the voltage drop is only a few per cent, a simple 
calculation of this drop can be made after separating 
the vector kva. into its power and reactive components 
using the vector power factor, and determining their per 
unit values on a selected base kva. The calculated per 
cent voltage drop is the per cent line reactance times 
the per unit reactive kva. plus the per cent line resist- 
ance times the per unit power. 

For most frequency-changer welders, maximum rms. 
voltage drop usually occurs at 100°% heat setting. 

The rms. voltage drop over one heat time may be 
evaluated with reasonably good accuracy by using the 
rms. vector kva., (kva);y, over this time and the vector 
power factor, (PF);y at the time where secondary cur- 
rent is fully built up. 

When the supply iine impedance is largely reactance, 
it may increase commutation time appreciably if the 
voltage drop is more than a few per cent. This lowers 
the vector power factor and causes the voltage drop in 
such cases to slightly exceed the drop calculated by 
the formulas presented. In most practical cases, how- 
ever, this effect is negligible. 

The voltage drop has a rather irregular wave form 
because most of the reactive drop occurs during commu- 
tation. This is illustrated by Fig. 11. The instanta- 
neous drop may thus exceed the rms. value. The maxi- 
mum instantaneous drop can be calculated, if necessary, 
by methods based on power rectifier practice; but the 
formulas to be used are not presented in this paper. 


COMPARISON WITH CONVENTIONAL 
WELDERS 


On the basis of the analysis presented, a means of 
approximate comparison of frequency changer welders 


with conventional single-phase welders is available. 


We might for example, compare a single-phase, 60- 
cycle welder with a 3-phase frequency changer welder 
having the same arms and electrodes, and the same rms. 
current output, over one heat time, welding the same 
material. In this case we might make the assumption 
that the resistance r of the 60-cycle machine when 
referred to the secondary is approximately equal to the 
low-frequency resistance, R, of the frequency-changer 
machine plus the term (3X,,/47N2) used in Equation 3 
to account for the effect of commutation on output. 
On the basis of this assumption, and assumed equal 
machine inductances, we can obtain relatively simple 
relationships for comparative inputs to the machines. 

In order for the two machines to have the same rms. 
output current over one heat time, the peak secondary 
current of the frequency changer machine must be 
higher than the rms. secondary current of the 60-cycle 
machine by the following ratio. 


I, Vr? + (fx/60)2 ) 
le r K 


The resistance r, and reactance x, are measured at 
60 cycles at the primary of the single-phase welder. 
The resistance, 7, includes the weld resistance. 

The required secondary no-load voltage of the fre- 
quency changer welder will be lower than that of the 
60-cycle machine, as follows 


E60 is Vrt + 2? 

The power factor, (PF )g of the 60-cycle machine is 
measured while welding the material considered. 

The resistance of the welded material has a pro- 
nounced effect on the required secondary voltage of a 
frequency changer welder. Consequently, if the weld- 
ers being compared are to be used for several different 
types of material, it is advisable to consider each sep- 
arately, in order to assure that the frequency changer 
welder has sufficient secondary voltage rating. 

The maximum input vector kva. demand of the fre- 
quency changer welder will be smaller than the demand 
kva. of the 60-cycle machine, as follows, if both are at 
their maximum secondary voltages and delivering the 
same rms. current over one heat time (that is, using 
the material which requires maximum secondary volt- 
age of the frequency-changer machine 


(kva)eo eo) G) 


Over one heat time, the rms. vector kva. values will 
compare as follows 
(PF leo = Ea 25 
(kva)6o 60 
The rms. short-circuit kva. of the frequency-changer 
over one heat time is as indicated below. 
(kva) py Vr? + (fr/60)? 
== 
(kva)eo + (fx/60)? 
All values are measured at short circuit. The last 
part of this formula is based on the assumption that the 
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reactance x, during welding, is the same as the react- 
ance, X, at short circuit. 

As an example of comparison of two machines, con- 
sider a 12-cycle frequency-changer welder to replace a 
(0-cycle, single-phase machine having a 440-v. kva. 
demand of 300 kva. at 50° pf when welding steel and 
330 kva. at 29°> pf at short circuit. From these 
single-phase demand and pf data we may say that r, 
r, x and X are 0.33, 0.17, 0.56 and 0.56 ohms, respect- 
ively. 

From Formula 22 the ratio J,/7, is 1.16. 
ula 23, the ratio of Ey/Ee is 0.58. From Formula 25, 
the 3-phase vector kva. demand (kva)zy of the fre- 
queney-changer machine is 175 kva. over one heat time 
This is only slightly over one- 


From Form- 


while welding steel. 
half the corresponding demand of the 60-cycle machine. 

At short circuit, however, the rms. vector kva. of the 
frequency changer is 290 kva., by Formula 26. If 
harmonics are included, the total kva. will be about 
330 kva. 

The short-circuit kva. of this frequency-changer 
welder is thus practically the same as for the 60-cycle 
machine, and the secondary short-circuit current is 
much greater. 

The vector power factor of the frequency-changer 
welder will be better, however, than for the 60-cycle 
machine, and the demand will be 3-phase instead of 
single-phase. 

Consequently, even with the same demand kva., the 
voltage drop of the frequency changer welder will be 
less than half that for the 60-cycle machine. 

If a conventional welder and a frequency-changer 
welder each deliver the same rms. welding current to 
high-resistance material, such as steel, the frequency- 
changer machine will deliver much more to low-resist- 
ance material, such as aluminum. On the other hand, 
if the two machines deliver the same rms. welding cur- 
rent to aluminum, the frequency-changer welder will 
deliver much less to steel. The current output of the 
60-cvcle machine, on the other hand, will not be so 
greatly affected by the resistance of the material 
welded. 

The maximum input kva. and output current of 
either machine will be delivered when the electrodes are 
short circuited, and will be, in either case, only slightly 
more than when welding aluminum. 
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Appendix A—Tube Currents 


Each tube carries that part of the current of its 
primary which is in one direction. 

For tube selection, the average tube current deter- 
mines tube heating. 

As in the case of primary currents, the average cur- 
rent in one tube is sometimes slightly higher than for 
the other two. 

Approximately, however, the average tube current is 

i, 
ir = GN A-1 


and the maximum tube current. is 


Appendix B—Tube Inverse Voltage 


When no tubes are conducting, the anode-to-cathode 
voltage of each tube is equal to the line-to-line voltage 
of the phase in which the tube is connected. 

When one tube is conducting, this causes the corre- 
sponding line-to-line voltage (less tube drop) to be 
applied to its primary winding. There is then induced 
in the other two primary windings, a voltage practically 
equal to this applied voltage, and in phase with it. 
(Primary resistance drop and rate of change of second- 
ary can usually be neglected. ) 

This induced voltage subtracts from the line voltage 
of the corresponding other line phases to give an anode- 
to-cathode voltage across the tubes in their other phases. 
When only one tube is conducting, the resulting net 
voltage is an a.-c. voltage with peak value equal to 
1.73 times the peak line voltage. 

Hence, the peak tube voltage is 

Er = V2V3E = 245E (B-1 

For a 440 supply this peak tube inverse voltage is 

1080 v. 


TUBE VOLTAGE 
(TUBE 4) 


Fig. 12 Tube voltage 
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Fig. 13) Oscillogram showing primary-currents, line voltage and voltage across one tube, Supply voltage is approximately 
180 volts rms. 


LLY VY When two tubes are conducting, the induced voltage 

: ' of the remaining phase is equal to the average of the 
4 


pe voltages for the two conducting phases. This causes 
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the tube inverse voltage to be lowered somewhat during 


4 
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commutation as shown by Fig. 12. As shown by this 
figure, the wave shape of the tube inverse voltage is 
practically the same as for a 3-phase Y rectifier with an 
applied line-to-line voltage 73° higher than the 
welder line voltage. 

Tubes should be selected in a manner analogous to 
tube selection for such a rectifier. 

Figure 13 shows an oscillogram of the voltage across 
one tube of a frequency-changer welder. 


Appendix C—Transformer Flux 


A typieal variation of transformer flux is illustrated 
by the dashed lines of Fig. 14 (A). The initial flux 
is the residual value left from previous operation. The 
DEGREES AT LINE FREQUENCY corresponding residual flux density is shown by point 1 
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Fig. 14 Transformer core flux of the typical hysteresis loop of Fig. 15. The induced 
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voltage corresponds to the rate of change of flux link- 
ages, so that the flux keeps changing in one direction as 
long as the voltage has one polarity. The total flux 
change during a secondary half cycle is thus deter- 
mined by the voltage and the heat time. The total 
flux density change is indicated on Fig. 15, and the 
final point reached is Point 2 on this figure. The 
transformer design should be such that the total change 
of flux, from the residual value, does not cause the final 
value, at the end of a low-frequency half-cycle, to 
excessively saturate the core. It is not necessary that 
the core be completely unsaturated, since magnetizing 
current is very much less than load current. 

The next half-cyele of voltage, being of the opposite 
polarity, corresponds to a rate of flux change toward the 
original residual value. Hence, the flux follows the 
hysteresis loop to Point 3 of Fig. 15. Point 3 is very 
slightly nearer saturation than Point 1, because of the 
primary resistance drop due to magnetizing current 
required near Point 2, which reduces the voltage and 
the flux density change from 1 to 2 slightly below the 
values from 2 to 3. After many eveles, this tendency 
causes the path traversed to extend between points 4 
and 5. If primary current is cut off, with the second- 
ary closed, the magnetizing current required to main- 
tain flux at Point 4 flows in the secondary, but decays 
gradually and the flux density returns to the residual 
Point 1. If the welder electrodes are open circuited, 
before the residual flux value is reached, sparking will 
occur at the electrodes, which will drive the flux quickly 
to this residual value. The slow decay of flux after 
primary current cut-off, with the secondary closed, is 
illustrated during the cool times shown on Figs. 14 (B) 
and 14 ((). 

The maximum flux of Fig. 14 (B) is less than for 
Fig. 14 (A) because the heat time is less, permitting 
less total flux change. 

Figure 14 (C) shows that lowering of the frequency 
by delaying the starting of secondary pulses does not 
Also, extra 
humps of current (if any) do not increase the maximum 
flux. 

There is therefore a basie secondary frequency one 
half-cvele of which is the heat time. This basic fre- 


increase transformer flux requirements. 


quency may never occur in practice, unless zero cool 
time is used, but it forms a basis for transformer design. 
The transformer flux change of Fig. 14 (4) may be 
determined by the following formula. 
= 5y (C-1 


where 
N, = secondary turns 


oc = flux change, in lines 
The maximum flux density is 
ou = 
where 
éy = maximum flux 
oe = residual flux 


When the effective air-gap at core joints is small, and 
flux densities are below saturation, in highly retentive 
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steel, approximately equals @y. Since is usually 
nearly E4,“the approximate maximum steady state 
flux then is 


4N,f 
The frequency f is the maximum secondary fre- 
quency obtainable with the heat time employed. 
Typical values are 12 and 8.6 cycles per second for no- 
load heat times of about 2 and 3 cycles, respectively. 


(C-4) 


Appendix D—Nomenclature 


angle of retard (heat control setting 
cosa). 
distortion factor of primary current. 
line-to-line rms. voltage. 
secondary average no-load induced volt- 
age. 
secondary voltage of comparable 60-cycle 
machine. 
peak tube inverse voltage. 
basic secondary frequency. 
peak line current. 
—maximum rms. line current. 
maximum fundamental rms. line current. 
rms. line current over one heat time. 
fundamental rms. current over one heat 
time. 
rms. primary current over one heat time. 
maximum secondary current. 
—rms. secondary current over one heat 
time. 
peak tube current. 
—average tube current. 
factor to account for effect on secondary 
rms. current of squareness of secondary 
voltage wave (K = 0.91) 
maximum rms. kva. input. 
maximum vector kva. input 
rms. kva. over one heat time. 
rms. vector kva. over one heat time. 
demand kva. of comparable 60-cycle 
welder. 
N primary turns per secondary turn (for 
one primary ). 
P maximum power input. 
p average power input. 
(PF), power factor of line input. 
(PF )iy vector power factor of line input. 
(PP )60 power factor of comparable 
welder. 
R —resistance of weld, welder, secondary and 
one primary (referred to secondary ). 
resistance of comparable 60-cycle welder. 
-secondary reactance (at basic secondary 
frequency, f). 
G0-cycle reactance of 
evele welder. 
Xs average reactance between primaries (:t 
primary frequency). 


(KVA),, 
(kva), 
(kva 
(kva)eo 


-cvcle 


comparable 


Bold face type indicate a quantity is measured with 
electrodes short-circuited. 

Additional symbols used in Appendix C are identi- 
fied therein. 
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result, 


by Omer Blodgett 


N these days when everyone is becoming more cost 
conscious, it would be well to look into the cost of 
welding and review some of the factors which would 

There are many who 

do not Table 1 

shows the cost of depositing 1 lb. of weld metal for the 

We must realize that the 


allow us to reduce this cost. 
fully realize the cost of welding. 


various sizes of electrode. 
welding operator is paid to melt electrode; the joint is 
made by depositing weld metal. On an average 3 |b 
of electrode must be melted in order to give us a weld 
deposit of 2 Ib. because approximately 30°% is lost 
This table 


Is based upon $1.25 per hour lor operator, 200°; for 


through spatter, stub ends and coating 


plant overhead, 2, per kwh. for power and 50° oper- 
ating factor. Notice the rapid decrease in cost of 
welding due to the use of higher currents and larger 
electrode. The cost of depositing 1 lb. of weld metal 
using '/s-in. electrode is about $4.50 per pound. If 

»-in. electrode were used the cost would be $3.60. 
If */\s-in. electrode were used this cost would drop to 
$3.00. 


cost to $1.60, and if 
this cost would be lowered to $1.20 


A '/-in. electrode would further reduce this 
'/e-in. electrode would be used 
Using the auto- 
matie submerged are, the cost would drop to less than 
50 ¢ per pound. 

In Fig. 1 is shown a '/,-in. fillet weld, half of which was 
made with a '/,-in. £6012 electrode, 325 amp. at 10 in 
The other half was made with a ? 
Both welds are 


per minute. 


electrode, 200 amp. at 5 in. per minute. 


Omer Blodgett is Welding Engineer, The Lineoln Electric Co., Chicago 
I 


Scheduled for presentation at the Thirtieth Annual Meeting, A.W.S 


Cleveland, Ohio, week of Oct. 17, 1949 


owering Cost of Welded Construction 


® Through the selection of larger electrodes, use of higher currents, 
intermittent welding and smaller size fillets considerable savings will 
These savings can be further augmented by suitable bend- 
ing, fitting and cutting operations and the use of subassemblies 


Same size fillet welds made with */,; in. and */\¢ in. 
electrodes 


Fig. 1 


as strong and we are able to save 50°; 

In the same figure is shown an overhead fillet weld 
made with °/5-in. E6013 electrode at 160 amp. and a 
similar weld made with 7/3-in. E6013 electrode at 240 
amp. The first weld took 70 sec. and the second took 
50 sec., or a saving of 29°%. A corner weld of 16-gage 
sheet metal is also shown. It is welded in one case 
with */3-in. E6013 electrode at 60 amp. with a speed 
of 15 in. 
'/s-in. E6010 electrode at 90 amp. and 40 in. per 
In general it 


per minute and in the second case using 


minute resulting in a saving of 60°%. 
is safe to say that if a joint can be welded using just one 


With 


size larger electrode it will result in a 25° saving. 


5 


in 32 tn. 
Approximate current 110 130 
Cost per pound deposited metal $4.50 $3.60 
Cost. per 50-lb, box $150 $120 


Table 1 


Submerged arc 


3/ig in. 5/ig in automatic 
160 250 350 SOO 
$3.00 Less $0.50 


Less than $25 
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we 
| 
$100 $55 $40 


Fig. 2 (Left) Effect of slow travel speed on penetration. 
travel speed on penetration. 


12) PER MIN 


85 PER MIN 


// 
/ 6 PER MIN 


ALL WELDS 
350 AMPS 
SAME STRENGTH 


| 


Fig. 3) A small deep weld vs. a large shallow one 


Speed can be increased by decreasing the amount of electrode metal 
in joint through deep penetration. Cross-hatched area is metal 


added to outside of joint 


high welding currents, the speed 
of welding can be increased by 
dragging the electrode, and the 
throat of the fillet will be the same 
as that made with a slower travel 
speed, for the same current. Al- 
though this faster travel results in 
less weld metal being added, the 
weld retains its same depth of 
throat because of its increased 
penetration (Figs. 3 and 4). As 
this travel speed is increased the 


are gradually gets ahead of the 
molten metal thereby penetrating 


deeper into base metal instead of 
wasting its heat on molten weld 
metal (Fig. 2). 


Fig. 4 


Why gage sise does not indi- 
cate true strength 


“The fillet’ weld on right measures slightly 
less than '/«q@in. by gage. Conventional flat 
fillet on left measures '/\ in. by gage. Since 
both welds are of equal strength, this shows 
that gage size of fillet welds does not indicate 
the true weld strength. Lower illustrations 
are end views of specimens shown above 
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mss 12” PER MIN. 


ARC FORCE INTO PL 


ALL. 
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Cross section of arc in 60° vee groove. (Right) Effect of fast 
Cross section of arc in 60° vee groove 


It might be interesting to consider what a box of 
welding electrode represents in total cost of welding, 
including, in addition to the cost of the electrode, the 
cost of labor, overhead and power. Normally a 50- 
Ib. box of electrode would cost about $4.25. This cost 
of $4.25 is all we consider when we purchase it; how- 
ever, if we were to put price tags on the electrodes 
showing what it is going to cost us to deposit this box 
of electrode, we would see the importance of using as 
large electrodes as possible. With this in mind the 
50-Ib. box of '/s-in electrode would cost us about $150; 
5/s-in. electrode, $120; electrode, $100; ! 
electrode, $55; ° \s-in. electrode, $40, and automatic 


in. 


submerged are would be less than $25 for the same 


WELD MEASURES LESS THAN 5/16 
GAUGE 


7/16 FI 


BS 2 
| 
par 
| 
| 12 
4 


5" 


Which box of electrode do you Lo buy 


Figure 3 


| 
| 
if 


4 

200 300 
| ~ | (+) | Welding Current 


Fig.7 Higher currents permissible with larger electrodes 


on 


sled 


faunds 


Reversed polarity Strarght polarity 
electrode positive electrode negative 


Figure 6 


50 Ib. (Fig. 5). Of course, we still have a further 


advantage in submerged are welding; that is, on an 


average it requires only one-half to one-third the weld 


metal as hand welding for the same joint because of its 
deeper penetration. Welding is not expensive but 


Nermal arc hength 30 volts 


money can be saved through using good procedures 


Sherlening arc to 22 volts 
— current to 
amps 


~ 
Since all electric fusion welding consists of depositing nae 


weld metal and fusing it into base metal in order to 


obtain a joint, the greatest possible speed of welding 


results when the maximum amount of weld metal is 
deposited along with maximum penetration of base 


metal per unit of time. 706 200 
For the main part, the electrode is melted from the Welding Current 


heat produced by the product of the welding current, /, Fig. 8 Characteristic care of welding generator 
and the voltage drop across the surface of the tip of the 
electrode, E. Heat (watts) = E X J X Time, where 
I = welding current and E = electrode surface drop 
(Fig. 6). This electrode surface voltage drop can be 
changed by the nature of the coating of the electrode and 
the polarity used in welding. In coated mild steel 


electrodes the negative side has the greatest drop, 
hence straight polarity (in which the electrode is 
negative) will have a faster rate of melt-off for a given 


current than reversed polarity; however, reversed 
polarity will cause the work to be hotter than in straight 


polarity, for the same current, resulting in deeper Fig.9 Short intermittent welds can often be utilized 
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penetration and more tendency for burn-through if 
there is poor fit-up. Of course, there are times when 
this deeper penetration due to reversed polarity is 
desired; such as butt weld without bevel. 

Once the polarity is decided, the only variable factor 
left for a higher melt-off rate is current used. Gener- 
ally, the size of electrode has little to do with melt-off 
rate for a given current. A larger electrode simply 
allows us to use a higher current (Fig. 7). For a given 
setting of the welding generator, a shorter are will result 
in a slightly higher current because of the lower resist- 
ance of the shorter arc, thus allowing more current to 
flow. See Fig. 8, which is a characteristic curve of a 
welding generator. One thing we sometimes forget is 
that electrode melted is not equal to weld metal de- 
posited and, of course, the deposited weld metal is what 
we are interested in. The more current we use on a 
given size electrode, the greater will be the spatter. 
Normally this is between 10 and 15°%. You ean see 
that very high currents might make it possible to 
deposit less weld metal with a further increase of cur- 
rent because of increased weld spatter. 


/ 


90 IS 


70 20 30 40 60 60 70 80 90 100 
Z increase in throat 


Fig. 10 Smaller size fillets permit greater speeds, take 
less time and less weld metal 


Do not overweld. In many cases it is not necessary 
to make continuous welds, since only small, short inter- 
mittent welds are required (Fig. 9). This will lower 
the cost considerably. Oftentimes welds are made too 
heavy because the weld size has not been marked on 
the print by the engineering department or the operator 
cannot judge weld size properly, making the weld much 
heavier than is necessary in order to be on the safe 
In Fig. 10 we see that even a 15% 
in weld size will cause a 24°% decrease in speed and re- 
quire 32°, more time to put in a given weld. Going 
to extremes, if the throat size of a fillet weld is doubled, 
the speed will be one-fourth and it will require four 


times the length of time to deposit it. 


side. increase 
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Fig. 11 Change in design reduces amount of welding 
necessary 


Whenever possible it is recommended that metal be 
bent to eliminate a corner weld. In Fig. 11 is shown a 
base which was changed from a design using side plates, 
joined by four corner welds, to a design using two 
plates with their corners broken and joined with two 
butt welds. Not only has the number of welds been 
reduced, but welding time is further reduced because 
butt welds require less weld metal and are made in 
less time. Electrodes have been developed during the 
war and since which can be used with higher welding 
heats without excessive spatter; the welds are smoother 
and therefore slag removal is easier. Fillet welds 
are made fast without undercutting. In fact, the 


Jess we/d 
metal added 


Ds 


Fig. 12 Higher current, greater speeds: 
tion, less weld metal 


deeper penetra- 


electrode may be dragged; that is, the coating on the 
electrode actually touches the sides of the plate while 
welding. This gives us much deeper penetration, thus 
requiring less weld metal for a given size weld. This is 
shown in Fig. 12. Since less weld metal is used, greater 
welding speeds are obtained. In addition to this, 


| 


more weld fess welds 
metal acted melal 
grealer 


Fig. 13 


Two ways to save weld metal 


Plate edges in the corner joint are overlapped so that more of the 
base metal melts. 
wel 


More base metal also melts in the unbeveled butt 
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Fig. 14 Both welds have the same strength, yet the one 

on the left requires only half as much weld metal and 

can be made at twice the speed of the shorter weld on the 
right 


less distortion is encountered because less heat enters 
the base metal due to the increased welding speed, and 
also since we get deeper penetration, the shrinkage in 
the fillet weld has less moment arm with which to pull. 

Always use a joint design which allows the least 
As less weld metal is used, less 
Figure 13 shows 


amount of weld metal. 
time is required for the welded joint. 
the reduction of weld metal in a corner joint by allowing 
the edges of the plate to lap slightly so that more of the 
base metal melts and becomes part of the joint. Also 
shown is a butt joint in which there is no joint prepara- 
tion, requiring only sufficient weld metal for reinforce- 
ment, although the weld is made all the way through 
the plate. It is evident from comparison that this 
joint uses less weld metal than one having beveled 
edges. 

Many times large intermittent welds may be_re- 
placed with smaller welds which are longer. This is 
shown in Fig. 14 which compares a '/:-in. fillet weld, 
3 in. long, and a '/,-in. fillet weld, 6 in. long. It is 
seen that the '/2-in. weld is just half as long as the !/,-in 
fillet weld, but because the '/2-in. weld has four times 
the cross-sectional area the net effect is that one-half 
of the weld metal is saved by making the '/,-in. weld 
6 in. long, yet this has the same strength as the heavier 
weld. 

Since higher welding currents may be used for flat 
positioned welding it is obvious that as much of the 


welding as possible should be positioned for this type 
By this means larger 
This is 


of welding for maximum speed. 
electrodes and higher currents may be used 


‘PER 


VERTICAL UP 


12” PER MIN. 


i 


Fig. 16 I-beams, channels, angles, T-sections and other 
sections made with rounded corners are now available 
from steel suppliers and enable a smooth flow of stress to 

be provided in a welded structure 


LJ 


Since less time is needed for welding 


shown in Fig. 15. 
there will be less distortion. 

There is a trend now for the steel suppliers to offer a 
great variety of sections and shapes which will greatly 
aid fabricators of welded steel construction. Such 
sections as I-beams, channels, angles, tee sections, ete., 
made with round radius are shown in Fig. 16. These 
could be readily welded into a structure and permit 
maximum fatigue strength because of the smooth 
flow of stress throughout the section. 

Many times finished welds are ground smooth when 
it is not necessary. As this unnecessary grinding time 
usually is greater than the actual welding time, it 
represents a needless increase in cost of fabrication. 
Those familiar with cast construction may feel that 
welds must be ground smooth in order to duplicate the » 
original cast construction. The fitter who is cutting 
the plates and erecting the structure is just as respon- 
sible for low-cost welded construction as the welder 
who is completing the joints, since it is equally as 
important to get good fit-up as it is to use proper low-cost 
welding procedures. Poor fit-up means more weld 
metal must be added in addition to the fact that lower 
welding currents and smaller electrodes must be used to 
avoid burning through. This is shown in Fig. 17. 
To get some idea of the increased cost of welding due to 
poor fit-up let us consider a '/,-in. fillet weld (Fig. 18). 
With proper fit-up and assuming an over-all speed of 
10 ft. per hour, this joint would cost 27¢ per foot for 


labor, electrode and power. With a | js-in. gap this 


“19.2” PER MIN. 


FLAT 
“TiLTED DOWAHILE 


Fig. 15 Effect of position on speed of welding fillet welds in place 
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SPEED WITH NO GAP cer, 
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PER CENT OF CORRECT PROCEDURE SPEED 


FOR FLAT BUTT JOINTS 
WELDED FROM BOTH SIDES FLAT BUTT WELDS IN SHEET METAL 
20 4 1 
PLATE THICKNESS = 1/2 ye Yi6 v8 12.GA 14GA 16 GA 18 GA 


| Fig. 17 Effect of fit-up on welding speed of down-hand butt joint (square or grooved) of various plate thicknesses 


In Fig. 19 we have three examples of poor fit-up. 

The first is a square edge butt joint of 8/s-in. plate in 

which the welding speed is reduced from 9 in. per minute 

to 2.5 in. per minute because of a */;.-in. gap instead of 


: | |i ' 3. This means a cost of 3.6 times greater. The 


second example is a '/2-in. plate with beveled edges butt 


ths wer .34° 76" j 
welded with a '/,-in. gap and also a gap 
The 3 \-in. gap caused a reduction of speed from 3.8 

Fig. 18 Poor fit-up adds to cost and amount of weld I fro 
metal needed in per minute to 1.9 per minute and doubled the cost 


The third case is a °/j-in. fillet; here a */j»-in. gap 


reduced the speed from 12 in. per minute to 3 in. per 


cost would increase to 38.2¢ per foot because of the minute and made the cost four times as great. 
additional weld metal required. The joint with a Shearing in most cases is the fastest method of 
I] )'/ein. gap would cost 51.7¢ per foot. Actually this making straight cuts; for irregular cuts flame cutting 
4 ‘increase in welding cost due to poor fit-up is greater by torch is recommended. When the number of pieces 
‘than we have shown because less welding current would varrant, it is possible to use blanking dies for cutting. 
‘be used to keep from burning through on the joint This is advisable since close tolerances can be held with- 
having gaps. out difficulty. Many times steel castings or forgings 


, 3/8" PLATE SEALING BEAD 
PLATE 


FILLET WITH 


“PLEET-FILLET”™ 
SQ. EDGE BUTT 1/32 GAP SQ. EDGE BUTT~ 3/16" GAP wy 5/16" THROAT 
5/16 THROAT 
5 
9” PER MIN. 2.5" PER MIN. 
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GAP go 12” PER MIN... 3” PER MIN. 
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Fig. 19 Effect of fit-up on welding speed 
(Left) Butt welds in ':-in. plate, showing effect of gap on welding «peed. Note: Sealing bead and added electrode metal required with wider 


«a 
tRight) Fillet welds in ' »-in. plate, showing effect of gap on welding speed. Note: Sealing bead and added electrode metal required with wider 
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Fig. 20 The above figure shows the use of steel castings in weldments. Photo, courtesy Falk Corporation of Milwaukee, 


may be welded into structures where the design is more 
intricate or perhaps a round corner is required for 
appearance. In a similar manner formed heads and 
stampings may be used in a welded structure to advan- 
tage (Fig. 20). 

The use of subassemblies in large structures cannot 
be overemphasized. If the design is intricate the 
smaller subassemblies may be stress relieved before 
final welding into the completed structure. In the 
same manner subassemblies may be finished machined. 
Any complete compartments within them may be 
tested, thus eliminating final testing in the completed 
structure which would be more trouble. These sub- 
assemblies may be inspected and repaired before being 
welded into the final structure. 
is greater access for welding, with these smaller sub- 


It is obvious that there 


assemblies than the larger completed structure 

Much of this welding mentioned is being done with 
automatic heads. The advantages with the submerged 
are process are many—much faster welding, almost 
no distortion and the welds are so smooth that no 
grinding is necessary even for the most exacting fabri- 
cator. Because of the much higher welding currents 
used, greater penetration can be obtained. 

Figure 21 shows a base of which 80°, was welded 


Fig. 21 


futomatic welding proves more economical than 
hand welding 
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Table 2 


Hand welding Submerged are 
Passes Amp. Ft./hr. Passes Amp. Ft./hr. 


10-gage butt l 180 120 1 650 500 
'/in. butt 3 350 19 2 800 68 
l-in. butt s 350 6 2 1000 32 
10-gage edge 1 160 200 1 600 HOO 
10-gage lap ] 200 90 l 750 400 
*/s-in. lap 1 375 50 1 625 180 


with the semiautomatic resulting in a 75% saving over 
hand welding. In Table 2 are shown currents and 
speeds for a few typical joints for both hand welding 
and the submerged are automatic process. The savings 
are evident. 

In conclusion we offer this program to aid in reduc- 
ing the cost of welding. Since the problem is not con- 
tained wholly within the welding department, it is 
necessary that the other departments such as engi- 
neering, tooling, production control, inspection, time 
study, layout, burning, fabrication, etc., be brought 
in to bear some of this responsibility. It is necessary 
that the engineering department design joints which will 
give minimum costs through minimum weld metal, 
joints which are accessible for welding, etc. Proper 
jigs and fixtures should be used to aid in aligning 
parts and positioning for welding so that maximum 
current might be used. The burning and shearing 
department must hold dimensions of pieces close enough 
so that the fabrication department with proper care can 
produce joints with good fit-up. Welding supervision 
must hold proper welding size without excessive over- 
welding; see that maximum current, and electrode 
size is used for best welding; and avoid such faults as 
undercut, overlap, lack of penetration, excessive spatter, 
cracked welds, ete. 

Some plants have found it difficult to get a good 
welding engineer who is qualified both as a welder and 
an engineer. Good men with this combination are not 
plentiful. To solve this problem they pick two men, 
one from the engineering department and the other a 
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Wis. 

q 


good welder from the welding department. These men 
work together as a team on all problems pertaining to 
welding. The engineer passes on all things such as 
design and strength of joints while the welder works on 
procedures. You can be sure that any problem which 
passes through this combination will be sound from 
both the engineering standpoint and practical welding 
standpoint. Soon you will find new jobs being rede- 
signed for welding with reduced cost and new proced- 
ures which will give further savings. 


To sum it up, reduced welding costs are made by: 

1. Using design with minimum weld metal. 

2. Using good fit-up. 

5. Positioning welds for flat welding in heavy work 
or vertical down for sheet metal. 

4. Using maximum current and large electrodes. 

5. Marking size of welds on work to avoid making 
too heavy welds. 

6. Using good procedures to prevent undercutting 

or excessive spatter. 


by L. E. Grant 


HERE are approximately one and three-quarter 

million freight cars owned in the United States at 

the present time. Probably less than 30% have 

any welded joints and certainly a much smaller 
percentage are all-welded cars. The first welded 
freight cars were looked upon with some distrust. Car 
yards were not in general equipped with welding ma- 
chines, and hence were unable to repair the welded cars 
except by substituting rivets for welds. There was 
considerable reluctance on the part of many carmen to 
believe that welded joints could endure the severe loads 
and vibrations encountered in frieght service. The 
welded cars generally gained acceptance and _ finally 
were recognized as being not only durable but in general 
very satisfactory equipment. In recent years there 
has been a rapid swing to welding in preference to 
riveting. 

The Milwaukee Road was a pioneer in building 
welded cars and in the 13 yrs. since the first cars were 
built in the railroad’s shops, nearly 30,000 welded cars 
have been constructed, in addition to several hundred 
passenger train cars including the well-known Hiawatha 
trains. The evolution of the welded type of car is an 
interesting example of industrial development, paral- 
leling in many respects similar changes from riveting 
to welding in other fields. The Milwaukee Road was 
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volution of the Welded Box Car 


» Evolution of an all-welded box car. 
scription of welding roof, ends, sides and underframe 


Welded Box Car 


Detailed de- 


in an enviable position to undertake the construction of 
welded cars as the shops had never built riveted cars 
and there was not so much to unlearn or prejudices to 
overcome. Riveting equipment, of course, was avail- 
able and in use for repair work but only a limited 
amount of welding equipment was on hand. It was 
necessary to acquire the equipment for both are and 
resistance welding. 

There are a number of reasons for favoring the 
welding method for building freight cars. In general 
the welded car can be assembled at a lower cost than a 
riveted car of the same type once a shop has been suit- 
ably equipped. Welding makes it possible to eliminate 
many of the lap joints that form pockets for collecting 
corrosive agents such as dirt and moisture. This is espe- 
cially important in coal cars. It has happened that the 
introduction of welding and the low-alloy high-tensile 
steels have coincided so that many of the welded cars 
have been built of the high-tensile steel. The increased 
corrosion resistance of this steel, as compared to carbon 
or copper bearing steel, has naturally helped to lengthen 
the life of the welded car and also to decrease the over- 
all weight. It is important to save dead weight and 
railroad officials have made various estimates, up to 
10 cents per pound, as to how much they can afford 
to pay for each pound of weight saved in a freight ear. 
Welding and the use of the high-tensile steels have 
brought the weight down to the point where the braking 
problem is now a factor in determining the minimum 
car weight permissible in some classes of cars that carry 
heavy pay loads. 

It is important to emphasize here that it is not 
possible to change from a riveted to a welded design for 
a car by simply writing on the blue print, ‘Weld all 
joints.” It cannot be done and to try is to invite not 
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only economic failure, but other failures as well. Com- 
bining both welding and riveting in a single car, whether 
it be a new car or for repairs, requires care and good 
engineering. The inherent rigidity of the welded joints 
may cause an unforseen distribution of stress and lead 
to failure of the welds. 

In order to explain the evolution of the welded car a 


box car will be used as an example because it incorpo- 
rates all the basic elements used ina freight car. It will 
be necessary in the discussion to refer to the methods 


used in building a riveted car so that the change from 


one type of construction to another will be clear. To 
° those not familiar with the various parts of a car and 
their names, this arrangement may help to clarify 
the details that are described. Construction of the 
roof will be described first, this being the simplest part 
of the car. A description of the procedure for making 
the ends, sides and finally the underframe will follow. 


THE ROOF 


The roof consists of a number of 14-gage galvanized 
steel sheets 40 in. wide, slightly longer than the car is 
wide because of the pitch to the roof. A number of 
methods were used in the riveted car to make a tight 


joint between adjoining sheets, but a typical method 


was to flange up the edges, place a cap over two adjoin- 


ing flanges and rivet the assembly together as shown in 
Fig. t. Another method was to rivet a cover strip 
over a butt joint between two sheets. In both methods 


ends of the sheet were flanged down over the side plate 


or upper section of the car side and riveted to it, 


as shown in Fig. 1 (A). 
In changing the roof to a welded design a modification 


of the method shown in Fig. 1 was adopted, the cap 
The flanged up edges were 


hammered together and joined by an edge weld. The 


and rivets being omitted 


entire roof was assembled in a jig so that all the joints 


could be welded with the workmen standing on the floor. 
Brackets to hold the running boards were welded to the 
roof and the interior lining of plywood was installed 
Figure 2 shows 


before the roof was placed on the car. 


; such a roof completed and ready to be lifted by a crane 


and set in place on the car. Flanges at the edge of 


the roof extended down over the top plate of the side 


Fig. 1 Riveted roof joint 
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Fig. 1(A) Roof to top plate connection 


and were plug welded through rivet holes. Later 
these rivet holes were omitted and the edge of the 
flange was fillet welded to the top plate. 

This type of roof was difficult to install. It had to be 
fitted down over the ear while still suspended from the 
crane and a considerable amount of juggling as well 
as some hammering and cutting was necessary to 
finally get it in position. To remedy this an offset 
was made in the top plate to form a shoulder for the 
roof to rest on. Then an auxiliary angle, bent to con- 
form to the flanged edge of the roof sheet, was added in 
the roof jig. This angle was welded in place with fillet 
welds at the edge of the roof sheets just as had pre- 
viously been done on the car side. When this type of 
roof was placed on the car the horizontal leg of the auxil- 
iary roof angle rested on the horizontal section formed 
in the top plate. Sometimes it was necessary to ham 
mer the contacting leg of the angle down so that a good 
weld could be made. But the change greatly simplified 
fitting the roof in place and incidentally increased the 
capacity of the car. A horizontal fillet weld, entirely 
around the roof, was required to complete the job. 
A continuous bead was necessary to make the joint 
water tight. At first only flat sheets were used in 
making the roof but later a roof sheet with pressed 
stiffening panels was used for additional stiffness. 

The edge joint of the roof sections was welded with 
a '/s-in. Class E-6010 electrode. The weld was started 


Fig. 2 Roof completed, ready to install on car 
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at the center and carried toward the outer edges, weld- 
ing being slightly downhill. It has been recommended 
that this joint, at least, be made with a silicon-bronze 
electrode by either carbon-are or metal-are welding 
to improve the corrosion resistance of the weld. It is 
true that some of the zinc burns off the side of the 
flanges, just below the weld bead, but after 12 yr. of 
service no evidence has been found of significant cor- 
rosion of either the joints or the sheet adjacent to the 
joint and hence the higher cost of welding with a non- 
ferrous rod cannot be justified. 


ENDS 


In a riveted car the ends consist of two corrugated 
sections; the upper being lapped over the lower and 
riveted to it. Ordinarily the top sheet is lighter in 
gage than the bottom section because less strength is 
required near the top. The ends are flanged at the 
sides to form the corner of the car and these flanges are 
riveted to the corner posts. The lower edge of the end 
laps over a transverse end still and is riveted to it. 

Changing this to a welded design was fairly simple. 
The overlap in the center was omitted as well as the 
rivet holes, but the difference in thickness between the 
upper and lower halves was maintained—the top half 
being °/s: in. and the lower half 3/jg in., both of low- 
alloy high-tensile steel. The two halves were assembled 
in a jig and the butt joint welded with an E-6010 elec- 
trode as shown in Fig. 3. The completed end with 
ladder and lumber door is shown in Fig. 4. Later, when 
a wide door post or pan-type post was adopted, similar 
wide end posts were also adopted and these were simply 
welded into place in the jig shown in Fig. 3 making the 
pans a part of the end assembly when it was ready for 
application to the ear. There was no end sill used in 
this construction, but the lower edge of the bottom sheet 
was flanged to form a substitute for the end sill. This 
flange was welded only at the point where it rested on 


Fig. Assembly of ends 
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Fig. 4 Completed end 


the center sill and to the side sills. A wood lining 
was also applied in the final steps of making the ends. 

Some of the early welded cars were found to exhibit 
a tendency for the ends to bulge especially in the bottom 
half. This was improved to a considerable extent 
by changing the depth of the corrugations from 3 to 4 
in. (The completed car with the wide or pan-type end 
and door posts is shown in Fig. 5.) 


SIDES 


Two types of sides are commonly used in riveted cars. 
There is usually an angle or a pair of angles forming 
the top plate and a channel or angle at the bottom to 
form a side sill. These are connected by vertical posts 


and diagonal braces riveted to the top plate and bottom 
side sill. One type of car has wood sides bolted to this 
framework; the other type of car has steel sheets, ordi- 
narily with a vertical lap joint, riveted to the framework. 

In our first attempt to make a welded steel side the 
sheets were welded to the conventional posts and braces 
without changing the riveted connections at the top 


Fig. 5 Welded box car 
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and bottom. Butt joints between the sheets were 
welded at the posts. This construction was very unsat- 
isfactory from the standpoint of both appearance and 
weight. 

The next step was to fabricate an all-welded steel 


side with Zee-bar pressings for posts and three rows of 
wide flanged U’s for horizontal stiffeners, spot welded 
to the inside of the sheets. The sheets were are welded 
at the top and bottom but were spot welded to the 


posts. The posts were attached to the side sill and to 
the top plate principally by fillet welds. No braces 
were used in this construction and butt joints between 


the sheets were are welded at the posts as before. The 


sheets were 14-gage low-alloy high-tensile steel. This 


type of side was used for a time but was too heavy, 


showed undesirable warping during construction and 


required too many man hours to make. 
The objection to this type of side led to the modifica- 


tion of it shown in Fig. 6 which shows the interior. It 


will be noted that the side is complete with the door as 


erected. Portal bracing is shown at the top and bottom 
of the door and it will also be noted that the door posts 
are essentially the same as the other posts. This 


construction was unsatisfactory as the posts were not 


strong enough, even with the portal bracing, especially 


on the automobile type of car with double width side 


doors. Later the door posts were changed to a wide- 


pan-shaped section, as mentioned above, to provide 


additional strength in the doorway. These wide door 


posts (and end posts) proved beneficial in other ways. 


Their use resulted in shortening the side sheets and this 


made them easier to handle in the shop with the equip- 
ment then available. They also strengthened the sides 
so that it was possible to hang the doors while the side 


Previously the doors 


was flat in the fabricating jig. 
had to be hung on the car after erection was completed. 
It should be noted in Fig. 6 that the side sill channel 
was attached to the underframe of the car and did not 
form a portion of the side proper. An additional sec- 
tion, called a side sill upper element, was used to connect 
the bottom sheet to the side-sill channel. This element 


Fig.6 Box car side with pressed horizontal stiffening ribs 
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also served as a support for the ends of the floor boards. 

When the completed sides were assembled on the 
underframe the upper element was pulled down into 
place against the side-sill channel with bolts. Later the 
bolts were removed and replaced with rivets. This 
method of construction was not satisfactory because 
of cracks that ultimately developed between the rivets. 
The rivet holes in both the upper element and the side 
sill were omitted and slots were cut in the element so 
that it could be welded to the top flange of the side sill 
channel. A few holes were required so that bolts could 
be used to draw the side down into place on the side sill. 
This method had a drawback in that it was very difficult 
at times to bring the upper element down into proper 
contact for good welding. The side was very stiff in a 
vertical direction and as the channel was already welded 
to the underframe it could not be moved very much. 
To correct this condition the slots were omitted from 
the upper element and the side-sill channel was attached 
to the upper element by fillet welds on both sides. In 
this method of construction the side-sill channel became 
a part of the side assembly instead of part of the under- 
frame. The channel was later welded to the under- 
frame when the sides were put in place. 

The first welded car had flat side sheets as mentioned 
above but it was difficult to produce cars without ob- 
Even the U-shaped stiffeners did 


jectionable buckles. 
Experi- 


not help appreciably in reducing the buckles. 
ments were made to determine if some horizontal 
stiffeners parallel to the length of the sheet could be 
pressed into the sheets and thus increase the ease of 
making better appearing sides and at the same time 
reduce the weight and increase the strength. The 
plans were to construct the sides by spot-welding meth- 
ods. A comprehensive account of the tests that were 
conducted, with the above in mind, will be found in a 
paper by Green and Drinka before the A.S.M.E.* 
This type of car side was constructed of 15-gage sheets 
(0.070 in.) of low-alloy high-tensile steel, and '/s-in. 
thick Z-bar posts of the same material. The door and 
end pans were 5/3. in. thick, also low-alloy high-tensile 
steel. Although comparatively light in weight these 
sides had surprisingly high strength. The critical 
shearing load for a flat 15-gage sheet with '/s-in. posts, 
spaced approximately 2 ft. 4 in., is in the neighborhood 
of 9000 Ib. When six horizontal bumps were pressed 
into the sheets, with the sheets overlapping at the 
bumps, the post spacing remaining the same, the critical 
shearing load became about 40,000 lb. This is a four- 
fold increase in strength at the expense of putting in 
the bumps. Even this load is not the maximum that 
can be carried. 
~The size and shape of the bump greatly influences the 
strength it imparts. Figure 7 shows the style and dimen- 
sions of the bump finally selected after many tests were 
made. Although the sheets may seem thin for a 50-ton 
capacity box car, actually they may not be stressed 
beyond 5000 psi. in service. Much thinner sheets could 


* Green, V., and Drinka, J., A.S.M.E£., 561 (October 


‘ 
| 
967 


| 
Fig. 7 Details of horizontal stiffener (bump) pressed in 
car side sheets 
be used and yet be adequate for strength, but slight 
corrosion would be very serious. 

The side sheet was lapped over and welded to the 
end pan after the sides and ends had been erected. 
This weld was made vertical down with an E-6013 
sheet metal type of electrode. This joint must be 
sound and free of pinholes to avoid the possibility of 
water getting in behind the thin sheet and causing 
serious corrosion. The weld between the sheet and the 
door pan was made in the flat position in the side jig 
where the door, door header, spark strip, route boards, 
ete., were installed. 

Figure 8 is a general view of the assembly line for 
car sides showing the specially constructed spot weld- 


ers for spot welding the sheets and posts. This latter 


welder gave a good deal of trouble due to the excessively 
deep throat involved in welding a car side. This was 
remedied later by the use of phase-shifting and current- 
controlling equipment. <A 40-ft. 6-in. box car required 
approximately 6000 spot welds. 


UNDERFRAMES 


The underframe of a box car shown in Fig. 9 is the 


Fig. 8 Assembly line for fabrication of car sides by spot 
welding 
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Fig.9 Underframe of a welded box car 


longitudinal strength member and serves as a column to 
take the end loads and shocks of switching and train 
operation. In recent years two Z-bars welded together 
have been used for the center sill of cars of the riveted 
type of construction. Prior to the adoption of the 
Z-bars, the center si'ls consisted of I-beams, channels, 
tees or plates with angles riveted to them. When 
channels, tees or I-beams were used, they were fastened 
together with riveted cover plates. In addition to the 
center sill, the longitudinal member which is the back- 
bone of the underframe, there are three types of cross 
members called bolsters, cross bearers and cross ties, 
in decreasing order of strength. Lighter, longitudinal! 
members formed into Zees are used to support the 
floor boards. The channel-type side sills previously 
mentioned form the outer longitudinal members of the 
car underframe. 

Two important members of the center sills of the 
riveted cars are the center filler and draft attachment or 
striker. Both are steel castings riveted to the center 
sill. The center filler carries the center plate and pin 
which are the main attachments between the car body 
and the truck. One of these is located near each end 
of the center sill. The striker is riveted to the end of 
the center sill and in combination with the draft gear 
and draft lugs provides a foundation from which the 
coupler and yoke can draw the train and take buffing 
shocks of one kind or another. These two items will be 
discussed further later on in this paper. 

In building a welded underframe, the two Z-bars 
welded together along the adjoining edges of two of the 
flanges were used the same as in a riveted car, although 
these Zees are not an ideal section for this purpose. 
In many car plants the Z-bar is joined with a continuous 
weld made by the submerged-are process from one 
side only, making a 100% penetration weld though this 
much welding is not required for adequate strength. 
In the Milwaukee Shops they were welded manually in 
a special jig, using an E-6020 electrode, '/, in. diameter. 
They were welded on both sides from each end to 
bevond the bolsters and then skip welded between 
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Fig. 10 Cast steel center filler with openings for welding 


these two continuous welds, one weld being inside 
and the adjacent weld outside. 

After the Z-bars had been welded, the center fillers 
and draft lugs were put in place. In the first welded 
cars these were castings and were riveted because it was 
not then known how to weld them successfully. Later 
castings were made with slots to provide a place for 
fillet welds. The type of casting used is shown in Fig. 
10. All the welding was done on the inside before the 
center sill was turned over in the erection jig. 

During the war when castings were hard to get these 
parts were fabricated by welding a combination center 
plate and spider casting to some channel-shaped pieces 
called cheek plates formed from plate. Instead of 
making slots in the cheek plates for welding, the slots 
were cut in the center sill and the welds made from the 
outside. This was somewhat easier to do than welding 
the slots in the castings and proved satisfactory. Later 
the center filler was changed entirely to a weldment 
shown in Fig. 11. The spider portion (actually the 
support for the center plate) was made from plate sec- 
tions welded together. The spider was then welded to 
channels, which happened to be easier to get than plate, 
as well as being lighter in weight. This method saved 
the forming operations involved in making the cheek 
plates mentioned above. The center plate was forged 
from a flat disk and welded to the above assembly. 
The entire welded center filler was then welded to the 
center sill as before through slots cut in the web of the 
center sill. Some fillet welds were also used around 
the edges of the section. 

This center filler development has been of consider- 
able interest because of the step-wise progress in chang- 
ing over to an entirely welded method of construction 
and the uncertainty and concern over the feasibility of 
it. On the first castings many more inches of welding 
than necessary were used because the magnitude of the 
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Fig. 11 Fabricated center filler with cast center plate 


impact stresses to which this part would be subjected 
could not be calculated. Later the amount of welding 
was reduced and finally, when the change to the fabri- 
cated center filler was made, the welding footage was 
reduced still further. That the decision to reduce the 
amount of welding was sound has been borne out by the 
absence of failures in either the center filler weldment 
or the welds attaching it to the center sill. Some fail- 
ures of the combination of cast center plate and filler 
have been experienced but these were due chiefly to 
improper design and it was 8 to 10 yr. before these 
failures became a significant factor in maintenance. 
The fabricated support for the center plate was not 
made strong enough and failed vertically. The im- 
proved design has shown no signs of failure 

The main transverse strength members of the under- 
frame are the bolsters. These are located near each 
end of the car. In the riveted cars these members con- 
sisted of two pan-shaped pieces formed from a plate. 
They were riveted to the center sill and to the side sill. 

tiveted cover plates, top and bottom, completed the 
unit as shown in Fig. 12. 

It was a fairly simple matter to make a bolster by 
shearing two web plates to take the place of the pans 
and make a sturdy box section by welding them to sep- 
arate top and bottom cover plates in a jig. The assem- 
bly was then welded to the center sill and side sill. 
Unfortunately the results were not entirely satisfactory. 
The structure had ample strength for a bolster but 
there was considerable tendency for them to break off 
at the center sill. 

To correct the condition, horizontal gusset plates 
were applied between the bolster and center sill at all 


four corners. This did not prove satisfactory so a cover 
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Fig. 12 Riveted type of bolster 


plate over the center sill extending out over the bolsters 
was tried. This helped but did not eliminate failures. 
Finally the bolster was redesigned to make the top 
cover plate continuous over the center sill and at the 
same time the web plates were changed so that they had 
_a wider spread at the center sill than at the side sill. 
The load of course is much more severe at the center 
sill connection than at the side sill. Improvements in 
the jigs and in cutting the web plates provided better 
fitting joints that could be welded satisfactorily. This 


type of construction has been in use for about 2 yr. and 
at the present time appears to be reasonably satis- 
factory but further improvement is anticipated by 
proposed changes. 

The cross bearers are the horizontal cross members 
at each side of the doorway. In the riveted car they 
were much like the individual pans of the bolsters and 
were riveted to the center sill and side sill. The cover 
plate was not continuous on these. 

The welded cross bearers consist of a top and bottom 
cover plate with a single web-plate fillet welded to them. 
The top cover plate is not continuous on the cross bear- 
ers as the loading is not very heavy and shocks are 
minor. No trouble has been experienced with the 
cross bearers or cross ties failing. 

The methods described herein are those used by the 
Milwaukee Road. Other railroads and car builders 
have used other welding methods to accomplish the 
same results. Some make extensive use of automatic 
submerged-are welding and do not use spot welds. 
Various parts in the underframe are made by different 
methods but the net results are very similar. The 
type of shop equipment available, the character of the 
shop buildings and the ideas of the car designer and 
shop personnel all play a part in how the cars will be 
built. However if the welded car is properly engineered 
and well constructed it will give good service regardless 
of how the details are worked out. 


Welding Metallurgy—tron and Steel 


® Due to the large number of papers for presentation at the A.W.S. Annual Meet- 
ing, we regret that our September and October issues cannot include the 


customary chapters of the new edition of ‘‘Welding Metallurgy,’ by Henry. 


ORTHCOMING installments of the Welding 
Metallurgy series will include the subjects of 
“Welding Methods and Processes,” “Structures of 

Metals,” “Effects of Alloying Elements,” “Welding 
Plain-Carbon and Low-Alloy Steels” and “Welding 
Stainless and Heat-Resisting Steels.”’ 

“How does chromium assist iron-base alloys in 
resisting attack when exposed to various corrosive or 
oxidizing media?” The answer is clearly given in 
Chapter 14 on page 387 of Welding Metallurgy wherein 
it is stated —‘Briefly, the resistance to attack is brought 


about by the great affinity which chromium has for 
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Claussen and Linnert. The next chapter will appear in our November issue 


oxygen and the passive or protected surface that is 
formed when the chromium-containing metal is sup- 
plied with oxygen under the proper conditions. The 
exact nature of this surface protection has yet to be 
learned. Several hypotheses on this matter will be 
discussed later, but for the present we can say that 
chromium-containing steels protect themselves from 
corrosion by forming an impervious film of oxide on the 
surface.” 

All of these answers are available to you NOW! 

Send your order today for a complete copy of Welding 
Metallurgy, 6 x 9 in., 500 pages, 203 illustrations, bound 
in blue cloth for only $2.50. 
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Hleliare Welding of Aluminum Alloys 


® Heliarc Welds properly made are able to withstand severe cold-working 
/ operations. Suitable techniques for welding aluminum alloys are indicated 


with the 38 depends on the part being welded and what 
happens to the part in operation. If the part is to be 
spun after welding we have found it advisable to use 
strip stock for our filler metal. This, of course, applying 
when the parts are welded manually. If the parts are 


By Francis H. Stevenson 


UCH has been said during very recent years re- 
garding the success enjoyed by the relatively new 
i welding process called ‘“Heliare” for the welding 
of practically all metals including the once hard 


welded mechanically no filler metal is used. However, 


to weld aluminum. 

The author in this article will attempt to reveal the 
importance of this process in the metal-spinning in- 
dustry where the weld metal must withstand the same 
torturing cold-working operation as the base metal. 

To begin with some of the fundamental advantages 


of the process are: 


l Flux is not required, therefore flux corrosion is 


eliminated. 
Cleaning and grinding costs are at a minimum. 
Welds can be made with or without filler rod. 
Lack of sparks, smoke and spatter lends for ease 
of operation and lower rod cost. 
5. Only fusion welding process, by which nonposi- 
tioned welds can be made. 


te 


Welds made by this process consistently pass X-ray ex- 


amination and also show high mechanical properties. 
We can divide the aluminum alloys into two groups. 
First, the nonheat treatable which consist of 28, 38 and 


, 528. Second, the heat treatable which consist of 538, 


61S and 63s. 
We will now discuss the welding of the first group of 
alloys. The 28 or commercially pure aluminum is the 


most weldable. However, the alloy known as 35 has 


very similar welding characteristics. Therefore we will 
discuss these two materials together. They both can be 
welded manually or mechanically either with or without 
filler material. The type of filler material used for 28 
is the 28 drawn wire. The filler material for 38 can be 


28 wire, strips of the 3S alloy or the 57 silicon alloy. 


However, recent indications are that welds made with 
the 5° silicon rod are subject to intergranular corresion 
The type of filler metal used 


after a period of service. 


Francis H. Stevenson is Director of Welding, Modern Metal Spinning & 
Ifg. Co., Los Angeles, Calif 


Scheduled for presentation at Thirtieth Annual Meeting, A.W.S., Cleveland = Speen s be 
Ohio, week of Oct. 17, 1949 Fig. 1 Welding Fixture 
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there are some parts welded mechanically which require 
filler metal and in that case 28 wire is used. We will 
now attempt to describe the automatic welding of parts 
without the use of filler metal. To date our experience 
has dictated to us that it is essential that we keep the 
weld area thickness comparable to base metal thickness 
in order to avoid notch effeet and the resulting failure in 
spinning operations. 

Preparatory to welding the parts are cut, rolled (if 
tube or cone) and the edges given a steel wooling suf 
ficient to remove surface oxides. Prior to inserting in 
the welding fixture the parts are wiped with a cleaning 
solution to preclude the oil and grease that may be 
picked up from handling. Figure 1 shows welding fix 
ture used by the Thomas D. McHale Mfg. Co. of Los 
Angeles. We regret that security regulations have 
prevented our incorporating photographs covering fix- 
tures in use at Modern. 

The particular welding condition used for welding 
the 0.064-in. material for spinning is as follows: 

Copper back-up bar grooved 0.007 x 
vided most suitable drop through. 

tungsten electrode. 

No. 10 gas cup having °/s-in [.D. opening. 

0.255 electrode spacing from work. 

'/s in. of electrode protruding from gas cup. 

10 |. argon flow. 

38 in. per minute travel speed. 

75-lb. air pressure on copper hold-down shoes. 


'/, which pro- 


Table 1 gives data relative to mechanical welding. 


Table l—Mechanical Welding of Aluminum Using Alter- 
nating Current, High-Frequency Grooved Steel, Copper or 
Aluminum Back-up 


Welding Weld- 


Thick- current ing Welding Argon flow 
ness Type of amp., flat speed, rod size, 4/* Cu 
in weld position ipm. in min. ft. 

0025 30° flange 45 28 None 5 11 

0.040 30° flange SS 26 None 7 15 

0 040* Pdge 255 300 None 10 21 

0 040t Edge 230 150 None 10 21 

0.050 30° flange 135 24 None 7 15 

0 064 30° flange 130 1S None s 17 

0.081 Butt 100 26 None 8 17 

0.090 Butt 190 IS None s 17 

0.090 Butt 235 iS None s 17 

0.125 Butt 285 26 None s 17 

0 125 Butt 315 48 None 8 17 


* For 
+ For 


28 and 38 aluminum 
528 aluminum. 


Figure 2 shows the part welded and trimmed ready 


for spinning; Fig. 3, part partially spun; Fig. 4, part 
completely spun. From these figures can be seen the 
amount of working the weld itself must take and why 
we have to have welds which will take the same 
umount of forming as the parent metal. 

The 528 alloy is somewhat more difficult to weld due 
mainly to its crack sensitivity, the cracks occurring 
either in the weld itself or in the material adjacent to 
the weld. The filler material used is the 5% silicon 
alloy. The melting point of this rod is lower than that 
of aluminum, consequently when the weld pool freezes 
the filler material solidifies last. Thus, the contraction 
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Fig. 2 


Blank welded and trimmed ready for spinning 


strains that are sometimes sufficient to cause cracking 
at the weld area are taken up in a manner somewhat 
similar to that’ which a casting riser provides molten 
metal to a solidifying casting. An example of welding 
528 alloy is shown in Figs. 5 and 6. The broken half 
sections are positioned on the fixture shown in Fig. 5 


where each side is longitudinally welded. In making 


these butt welds on the duct approximately '/2 in. at 
the start of the weld 5°; silicon rod is used and the bal- 
ance of the joint is fused. The use of the 5° silicon 
alloy at the start is sufficient to stop any cracking which 
otherwise occurs. The flange is then welded to the duct 
as shown in Fig. 6 and on the edge weld the same type 
of rod is added where necessary. This weld is made 
from the inside against copper back-up plates which 
limits the amount of penetration. 

In keeping with the practice of Heliare welding the 
most common aluminum alloys we must also include 


Fig. 3 Part partially spun showing weld at first contour 
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the heat-treatable group which are the 53S, 61S and 


635 which are subject to the crack sensitivity, as is the 
528 alloy. Therefore to date the best filler metal is the 
5°) silicon alloy. 

To make clear the effect of welding on the heat- 
treated structures of these alloys and therefore on their 
strength it is necessary to describe some of their metal- 
lurgical characteristics. These alloys contain alloying 
constituents added to the aluminum base metal. By 
bringing the temperature to 970° F. and quenching in 
cold water, the constituents are so held in solution in 
the base metal that the mechanical properties are raised 
considerably. This process is known as the solution 
heat treatment, and the material is then designated as 
being in the T4 temper. 

By subjecting the material to an additional heat 
treatment or aging—namely, holding the material at 
320° F. for 18 hr.—the mechanical properties of these 
alloys can be raised further. ‘The material is then desig- 
nated as being in the T6 temper. 

When annealed material (‘‘O" temper) is welded, the 
heat does not lower the mechanical properties, as the 
cast material in the weld is stronger than the parent 
alloy. 

This is not true of welding material in the T4 or T6 
Fig. 4 Part completely spun showing weld tempers. The welding heat lowers the strength of the 

heat-treated parent material in the area near the weld, 
although the metal is not fully annealed by the welding 


Welding fixture with parts in place ready for welding 


Fig. 6 Stack shown on left after welding. Completed duct in center. One half of stack shown on right 
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Fig. 7 Edge preparation when filler material is not added, and method of adding filler material 


operation. Some air quenching occurs as the torch 
moves along the joint and the metal cools. The strength 
of the joint is, therefore, more than the strength of the 
annealed material but less than the strength of material 
in T4 or T6 tempers. 

However, welds can be produced in these alloys with 
the weld-joint strengths greater than those obtainable 
with the common alloys, 28 and 38. At the present 
time and with the filler materials which are now avail- 
able, namely, 5% silicon and possibly the 716 alloy, we 
are still subject to crack sensitivity. However, we at 
Modern Metals are not only concerned with the manual 
welding of these alloys but also the mechanical welding. 
It is relatively easy to weld these alloys manually inas- 
much as the majority of the joints call for the addition 
of filler material. However, to weld these alleys me- 
chanically without filler material and then to have the 
parts spun presents quite a different problem. This is 
' where the crack sensitivity shows up to its maximum. 
' If you were to put a pieve of flat stock in a mechanical 

welding fixture and just run a bead on it you will find 
that it will crack wide open just as fast as the torch is 
moving along and, when taken out of the fixture, you 
have two pieces instead of the original one. In our ex- 
periments to date we have been able to weld and spin 
these alloys with a marked degree of success. 

On one particular application using 615-W 0.064-in. 
material we were able to obtain welds using 150-amp. cur- 
rent with a travel rate of 23in. In comparing this with 
the 38 alloy it appears that the amperes and speed of 
travel have to be much less for the same thickness of 
material. If your travel speeds are too fast it appears 
that the weld cools too rapidly and the cracking occurs. 
There is still much to learn about the mechanical weld- 
ing of these alloys without the use of the filler material. 
We are experimenting with the mechanical welding and 
spinning of 6150 4/,in material. However, our experi- 
ments on this thickness of plate are not sufficiently ad- 
vanced to provide any data. 

Regardless of the alloy welded whether manually or 
mechanically and what happens to it after welding a 
carefully planned welding procedure is necessary. This 
will include proper cleaning, adequate welding fixtures 
and sequence of welding. The cleaning can be done 
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either chemically or mechanically so that all foreign 
matter is removed from the weld zone. The fixtures 
must be of such a nature as to held the parts in line and 
keep the warpage down toa minimum. They must not 
hold the part so tight that it cannot move when con- 
traction takes place. However, parts may be tacked 
and the clamps loosened before completing the weld. 
If you are welding mechanically and using a fixture 
similar to the one shown in Fig. 1 and getting holes, 
skips, lack of penetration or rough welds one of several 
things may be the cause. 
1. Parts may be dirty. 
2. Air pressure on the clamps need adjustment. 
3. Improper alignment between jig and center line 
of joint. 
4. Improper electrode distance. 
5. Air entrainment in the argon stream caused by 
loose connections, ete. 
6. Shear cut on butting edges not straight. 


If the part has several welds the sequence in which 
the welds are made must be such that the contraction is 


not all placed at one point but distributed as evenly as 
possible between the different welds. 

Figure 7 shows edge preparation when no filler ma- 
terial is to be used and the method of adding filler ma- 


Fig. 8 Irrigation pipe coupling. Small coupling welded, 
not beaded. Large coupling welded and beaded 
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Table 2 


Thickness, Type of - Amperes*— . Argon flow 
mn. wel/ Flat Vertical Overhead Rod L./min. Cu. ft./hr Remarks 
i Butt 69 75 down 75 /s 7 15 
1 Edge 63 5S 58 None 7 15 
P Corner 71 69 up 69 None 7 15 
"ae Lap 981 58 69 None 7 15 
"/1 Fillet 69 92 down 75 1/1 7 15 
: Butt 144 132 down 138 l/s S 17 -in. rod on overhead 
"/s kidge 132 135 down 140 None 8 17 -in. rod on vertical 
I/, Corner 144 135 up 150 None Ss 17 -in. rod on vertical 
Lap 161 144 up 2 None 8 17 -in. rod on overhead 
. Fillet 161 135 down 161 */ ye Ss 17 
"/4 Butt 288 259 247 5 12 25 
‘ Corner 288 12 25 
4 Lap 345 259 up 250 ‘ 12 25 <in. rod on vertical 
, and overhead 2 passes 
‘ Fillet 316 247 up 12 25 '/sin. rod on vertical 
. Butt $32 288 250 15 32 
Lap 345 316 15 32 3 passes 
Pos. Lap 432 ‘ 15 32 2 passes 
: Pos. Fil 160 316 ‘ 15 32 2 passes 
3/4 Butt 500 32 5 passes-back-chip with 
“bull nose” chisel 
I'/, Butt 500 15 32 8 passes-back-chip with 


“bull nose chisel 


Transformers designed for metal are welding deliver about 15% more current than shown 


* All current values are metere | readings 
on their scale reading. 


terial. This can be applied to manual as well as me- paper the author feels that he has accomplished his 


chanical welding. purpose, 
Table 2 gives data relative to manual welding of 


aluminum using alternating current and high-frequency ‘/KNOWLEDGEMENTS 
welding current. ACKNOWLEDGEMENTS 


Figure 8 shows two irrigation pipe couplings. These We express our sincere appreciation for the coopera- 
are made in various sizes from 4'/s to 10"/s in. in diam- tion of the Thomas D. McHale Mfg. Co. for photograph 
eter. The part on the left is 4'/s in. in diameter after used and to The Linde Air Products Co. for data sup- 
welding and before beading. The part on the right is plied by their B. R. Russell. 


10's in. in diameter after welding and heading. These 


parts are all welded manually using a square butt joint 


and no filler material. Bibliography 


If the reader has gained one usable point out of this wad 
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PRACTICAL WELDER AND 


How to Weld Sheet Steel, Part Ul 


® Requirements and techniques for welding 
sheet steel by the inert-gas-shielded are process 


: by | # i. Koopman and F. broken down when the stecl base metal is in the steel to form carbon monoxide as. 


‘ J. Pilia heated to the welding temperature. Tae As the weld metal freezes, the gas is 
- 
a i oxygen thus freed combines with carbon trapped in small bubbles which causes the 
PI 
Hk welding of sheet steel by the 
oxyacetylene process was discussed in lable l—Mechanical Welding Plain-Carbon and Low-Alloy Killed Steels 
; Part I of this article. In Part IT the Welding Welding Rod* 
requirements and techniques for welding Thickness, straight speed, Size, Feed rate, Argon flou mete, selling 
~heet steel by the inert-gas-shielded are in. polarity, amp tn. min. mm. / min. Liters/min Cu. 
ane described 0. 26 None None 17 
0 O40F LIS 26 None None 17 
Both manual and meehanized welds can 0. 060+ 130 2 None None s 17 
be made with, or without, filler-metal ad- 0.060% 200 30 ; 17 s 17 
ditions when fully killed plain-carbon or 0.0893 160 20 None None 5 17 
low-alloy steel is used. Fully killed steel is 
deoxidized when it is made and weldments * Use a fully killed, low-alloy steel welding rod. 
E show no porosity with inert-gas-shielded t Low-alloy steels, 
ire welding. The type of joint design and > \.E 1010 killed steel. 
J 
the type of service to which the joint will 
be subjected should be the determining 
factors for the addition of filler rod to 


welds made in fully killed sheet steel. If 
filler rod is used, it is recommended that 


tully killed, low-alloy steel welding rod be 


used 


When rimmed steels are welded, there is 


t tendeney toward porosity, beeause of gas 


reaction the molten weld puddle 


Rimmed steels are made with littl: or no 


uidition of deoxidizing elements As a re- 


sult, the relatively unstable iron oxides are 


Fig. { water-cooled —inert-gas- 
shielded arc-welding torch—the Heli- > 


and con Fig. 2. Using the inert-gas-shielded arc-process to weld fenders for well- 
N. J. known make of automobile 
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6. Construction should be rugged and 


hold-down pressure such that 


parts are not permitted to move 


during welding 


Current used for welding plain-carbon 


and low-alloy steel with this process is 


straight polarity, direct current. Alter- 


nating current is unsatisfactory because it 


produces more distortion, porosity and a 


tendeney toward hot cracking in the weld 


t input 


because of its lower rate of he 


Several requirements are essential in 
i 


developing good welding technique and 


practices with the inert-gas-shic lded are 


process Thev are as follows: 


l Wherever porosity 18 apt to create a 


problem, use a fully killed, low- 


alloy steel welding rod—in most 


cases, in. in diameter. 
2. Rate of welding should be quite 


rapid see Tables 1 and 2 


Fig. 3) An as-welded joint made in mild steel by manual inert-gas-shielded arc 
welding 


3. Starting and stopping the are is 


Table 2—Manual Welding Plain-Carbon and Low-Alloy Killed Steels done on the fixture or jig bars. 
4. When restarting the weld at the end 


Thickness, D.C., straight Welding rod 17 welding irgon flowmeter setting Py 
mn. polarity, amp size. in. * speed, in (min Liters/min Cu. jt hr. ol a previous weid, the overlap 
0.035 100 ‘ 12 x 17 should be as short as possible 
0.049 100-125 V/y 12 8 17 Dwelling too long at the start will 
0.060 100-140 12 8 17 tend to cause porosity. 
0.089 140-170 : 12 S 17 5 If repairs are necessary, they should 
be made with a rapid U-motion by 
* Use a fully killed, low-alloy steel welding rod. establishing an are on the fixture 
Place the end ol the welding rod 
we ld to be porous. Cases such is OXVEenN, Correct jigging requirements are as over the defe ct, move the are out 
hvdrogen and nitrogen which are dissolved follows: to the defective area of the weld 
in the metal, may also contribute to 1. Backup and hold-down bars should make the repair, then move back 
porosity. preferably be made of copper or to the fixture to extinguish the 
To make sound welds in rimmed steels aluminum bronze are 
it is recommended that fully killed, low- 2. Baekup bars should have a shallow 6. Exelude air from the underside of 
alloy steel welding rod be added to all relief groove (about 0.010 to 0.015 the weld by maintaining a shallow 
joints. This type of welding rod contains in. deep) directly under the weld relief groove in the backup bar 
extra ingredients which deoxidize the weld 3. The width of the relief groove should 7. Use -in. diameter welding rod for 
puddle and reduce porosity be about '/, to in. Hold-down thickness up to 0.090-in. sheet, it 
Jigs or proper holding fixtures are an bars should be spaced about !/s to filler metal is required 
essential part of the welding setup when , in. from the weld center line 8. Use a forehand welding technique 
the inert-gas-shielded arc-welding process 1. The bearing surface of hold-down with a straight line motion of the 
is used for welding-sheet steel. The fix- bars should be Lin. wide, adjacent torch 
tures serve several purposes Hold-down to the weld. The bearing surfaces 4 Welding of sheet steel can be done in 
bars and the backup bar must exert a must be fitted accurately so that the flat, vertical or overhead 
firm pressure to prevent creeping of the continuous contact is maintained positions. Where gaps are en- 
. parts being welded. These bars also carry between the sheet and backup countered, repositioning the work 
away some of the heat from the sheet bar Variable contact will result from a flat to a slightly downhill 
metal adjoining the weld, which helps to in uneven penetration, burning position will make welding easier 
reduce the possibility of distortion. Close through the sheet, or failure to The techniques and welding con- 
. contact must be maintained between the penetrate ditions are almost the same for all 
sheet steel and the backup bar to insure 5. Air or hydraulic cylinders or other positions. Welding on a vertical 
proper penetration and prevent burning dependable means should be used joint usually progresses from top 


through the sheet to operate the hold-down bars to bottom 
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Improved Knurl Drive for Resistance Seam Welders 


nauried Drive Surfaces 


by R. kh. Waldvogel 


EVERAL different types of roll drives are available 
for use on electric resistance seam-welding ma- - 


chines. These include gear drives and friction knurl 


drives or various combinations thereof. The 
present friction knurl drive design in most general use 


: today consists of a solid eylindrical member with a 
knurled groove machined around its periphery. This tertions 
: ’ wheel by friction and at the same time maintaining the 
: | : correct contour of the wheel face. The views shown in 
a ' Figs. 1 and 2 give the most widely accepted design for 


longitudinal and circular drives, respectively. 

After some thought, it was decided that an improved 
type of knurl may be used to drive the upper wheel, 
lower wheel or both wheels as the occasion demands. 
This development is not original with the author, 


having first been observed on the wire feed mechanism 


of an automatic are-welding machine; however, its 


application on seam welders is believed to be new. A 
brief explanation follows. 


Fig. 4 Solid drive knurl especially adapted for circular 
L seam welding 
r +4 NOTE: Assembly bolts not shown in above views 


The essential feature of the improved knurl is to con- 


~ > struct it of two exactly similar pieces, each symmetrical 


about its own vertical center line and assembled as 
shown in Fig. 3. The plane dividing the knurl into two 


| arts may be shifte ‘ither the rig the left, if 
/ parts may be shifted to either the right or the left, if 
adapted for longitudinal seam welding / 


necessary, with a subsequent redesign of the pieces 
The drive roll as shown is placed on the welding machine 
/ and used until the knurled surface has lost its shape. 

; / Then all that need be done is to remove the knurl! from 

its driveshaft, reverse the position of the two identical 
pieces and replace them on the welding machine. The 


new groove may be used until it, too, becomes worn. 
This knurl is especially adapted for longitudinal seam 


welding. 

Another type of knurl is shown in Fig. 4. This is a 
solid knurl with two grooves machined in its outer sur- 
face. After one groove becomes worn, the drive wheel 


is reversed and the second groove is used. This knur! 


Fig. Present style drive knurl adapted for circular seam 
welding can best be used for circumferential seam welding 


These sketches are intended to be suggestions only as it 
is realized that many variations in design are possible. 


R. K. Waldvogel is Welding Engineer, The Johnson Mfg. Co., Urbana, Ohio 
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These designs will be placed in production at The 
Johnson Mfg. Co., Unfortu- 
nately costs savings cannot be given until work reports 


as soon as practicable. 


are available; although their use is expected to give the 


following advantages 


1. A decrease in machine shop costs as compared to 
making two separate knurls 
2. A life expectancy double that of the old style 


knurl. 


Flash Welding Unequal 


by G. C. Farrington 


HE requirement for a high-production method of 
joining a 3-in. diameter steel pin to ®/s-in. thick 
steel plate resulted in the development of a flash 
butt-welded joint which should find many applica- 
tlons 
The flash butt-welding method was considered best 
because it is a high-producticn method and once the 
technique and welding values have been determined the 
welding machine “takes over” and very little operator 
skill is required. 
In designing a joint of this type one of the major 
Both plate and pin, in this 


case, are a low-carbon steel, such as S.A.E. 1020, so 


problems is heat balance 


that the attaining of heat balance is a matter of phy sical 
proportions of the two parts rather than varying elee- 
trical and thermal characteristics for the two parts 
The greater mass and cross-sectional area of the pin 
Fig. 1) means that it will be the more difficult part to 


bring to welding temperature. 


——— 10 


PLATE 
8 


Fig. 1 Showing relative masses of the two parts 

With the same amount of current flowing through the 
two parts the plate will reach welding temperature first. 
For this reason the mass and cross-sectional area of the 
pin was reduced in the weld region as shown in Fig. 2 

The parts are shown in Fig. 3 in position for welding 
It was found by means of a few experimental welds 
that the design of the pin was not proper to produce 
sufficient heat in the pin. The strength specifications 
for the weld would not permit further reduction of the 


G. C. Farrington is Welding Engineer at the Easy Washing Machine Corp., 
Syracuse Y 
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Thicknesses 


Flash 


ameter pin to a ‘/,-in. thick steel plate 


butt welding of a 3-in. di- 


20° a 


-> 


/, 

2 
Fig. 3 Showing parts 
in position for welding 


Fig. 2 Showing drilled end and 
chamfer required for heat 
balance 


weld area. The parts were therefore preheated by 
bringing them together under force in the welding 
machine and permitting a low value of current to flow 
until the end of the pin became cherry red (approxi- 
mately 1500°) 

In the preheating operation the current was suffi- 
After 
the preheating operation the usual flash-welding opera- 


ciently low to prevent the occurrence of flashing 
tion was performed. Figure 4 shows a cross section of a 
welded sample and illustrates the type of weld obtained. 

The experimental welding 
was done on a hydraulically 
operated 300-kva. flash butt 
Cy lindrically con 


PLATE _ PIN 


welder. 
toured dies were used for 
clamping the pin which was 
prevented from slipping in 
the dies by ‘back-ups.’ 
The plate was clamped by 
UPSET fingers to a flat, vertical 


die. Following are approx- 


Fig.4 Showing cross-sec- Ate weld values 


tion of welded samples Open-circuit secondary poten- 


tial, v weld) 10.8 
Open-circuit secondary potential, v. (preheat) 5.0 
Upse t foree, Ib. (computed) 15,000 
Average flashing current, amp 21,000 
Upset current, amp. 63,000 
Flashing time, sec 30 
Upset current time, eyeles 60 
Flash travel, in.... 
Upset travel, in 
Die opening at start, in. 2'/; 
Die opening at finish, in l'/, 
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| length and number of the sections, 
' and the size and spacing of the slots 
will depend on the individual job. 


Data and illustrations furnished through the 


After suitable testing the weld was found to be satis- 
factory and a flash butt welder was designed with specig] 
clamping and control features to automatically preheat 


and weld the parts. Both weld and equipment have 
proved satisfactory in production. 


T IS not uncommon to have to join the ends of two 
evlinders or tubes of sizable diameter, and as the 
diameter increases, the problem of aligning, fitting 
and clamping the parts grows rapidly. The simple 

jigging method sketched here takes care of the problem 

of concentric alignment and clamping with minimum 
diffieulty, and also permits tacking the joint quickly 
and easily. Since this type of girth clamp follows the 
contour of the work snugly, it does not interfere with 


rotating the work for position welding. Longitudinal 


) clamping can be used, when required, to maintain the 


required fit-up of the parts. 

The jig is a suitable length of strap iron, formed to 
a cirele, provided with joints to open and close, and 
slotted at intervals to permit access 


Jigging for Welding Cylinder Seams 


oSimple jigging method solves the prob- 
lem of fitting and tacking cylinder seams 


In one case, this type of jig was used on a 10-ft. diameter 
tank, and the strap required, in two sections, was made 
of */s- by 4-in. material, with 4- to 5-in. slots 4- to 5-in 
apart. Angle clips were welded to the ends of the 
segments, and were drawn tight with heavy bolts. For 
smaller units, such as might be produced in numbers, 
a hinged unit with a quick-acting toggle clamp might 
be advisable for faster attachment and removal. 

In use, the parts are brought together and clamped 
lengthwise as required, with the strap placed around 
them so that the slots open over the joint. When the 
strap is tightened, the two circumferences are held 
tightly in alignment, and after tack welding the clamp 
is removed to permit complete welding of the joint. 


for tacking. The sections are fast- - 
ened and tightened around the parts 
by bolts, toggle clamps or turn- 
buckles at the joints. Width and 


thickness of the strap material, 


courtesy of ir Reduction Sales Co 


by P. A. Spaulding 


OW would you make the repair if a job like this 
came into your shop? One of the spokes broke on 
this cast-iron hoist drum and the welding shop was 
called to make a repair. The drum and spokes 
were a one-piece casting. When the hoist is being used, 
the spokes are under some stress. Therefore, the repair 
procedure must cut down the stresses to make a strong 
Cover up the sketch and the rest of this article 
Then 


weld. 
and figure out how you would make the repair. 
read the rest of this article. 


is Process Service Representative, The Linde Aur Products 
s, Mo 


Co., St. Lour 
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HOW IT WAS DONE 
The shop decided that the best repair could be done 
The cracked spoke 
Was opened up to get the greatest strength and least 
stress. Otherwise, the two sections of the broken spoke 
would be drawn together slightly during welding 
Then when the casting cooled, it would contract and 


by oxyacetylene bronze welding. 


place the weld under tension. 

The edges of the break were chipped to clean metal 
and punch marks were made on each side of the break to 
check the expansion. Then the shaded areas, shown in 
Fig. 1, were heated. The drum flange and part of the 
drum body was also heated with the welding blowpipe. 
On the drum this area was several feet long. As these 
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Heated areas, 
~extending back 
drum 
Break to be 
we/ded 


~ Punch marks 


Screw jacks 


Mine hoist 
(end view) 


Fig. 1 
drum was repaired by bronze welding. 
were preheated 


This sketch shows how the broken spoke in a hoist 
The shaded areas 


heated areas expanded, the outer section of the broken 


spoke was drawn outward. This expansion movement 


was helped along by two screw-jacks, as shown in the 
sketch. 

The distance between the broken ends was increased 
about */6:in. This figure was decided upon by referring 
to the Metals Handbook which gave 0.042 in. as the es- 
timated expansion of a 1-ft. length of cast iron when 
heated to about 500° F. 

When the opening was increased to the proper dis- 
tance, the break was bronze welded in the usual way. 


After welding, the jacks were removed and the pre- 
heated section allowed to cool and compress the weld 
\s the weld cooled, it was peened lightly with a 


area, 


hammer. 
The entire job was completed without removing the 
This made it pos- 


drum from its operating position. 
sible to do a fast, efficient repair that was as strong as 


the original casting. 


by Il. B. Gilson 


How to Repair a Cast Flange Section 


® (se this method to get smooth fits on your repair jobs 


This sketch shows the welding sequence for repairing a 
cast-flange section by bronze welding or fusion welding 


HIS sketch shows how to handle one of the com- 

monest of repair jobs. To weld a flange on a cast- 
iron part, broken as at A, follow the sequence shown 
in B. The sequence is the same whether you fusion 

weld or bronze weld. 

Newark, 


he Linde Air Products Co 


H. B. Gilson, Development Engineer 
N.J 
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First, clean the fracture thoroughly. If the metal is 


Then align the parts for | 


thick, grind or chip to a vee. 
Offset the broken section to 
An offset. of 


to * «4 in. is enough for fusion welding: a somewhat 


welding as shown in B. 


raise it slightly above its original position. 


smaller amount will do for bronze welding 


Start at the corner of the casting body (7) and weld 


up to the flange on one side. Next, go back to the same 
point (7) and weld the other crack (2) through the body 


Contraction in these 


of the casting in the same way 
two welds will pull the broken section into line with the 
After welding the 


undamaged portion of the flange 


flange section at (3) and (4), heat the casting around 
section (5) to a dull red and let the part cool slowly to 


relieve stress in the repaired area. 


Judgment of the exact amount of offset to be allowed 


in aligning the broken section with the rest of the flange 
If the amount is right, the re- 


comes with experience 
paired section will be flush with the rest of the flange. 
If too great, the section will be high and may have to be 
ground down slightly after welding. If too little, the 
section will be low and it will be necessary to build it up 
lightly before finishing by grinding. 


(re-Welded Beam and Column Framing 


® Studies in structual arc welding provided through the courtesy of The 
Lincoln Electric Co., Cleveland 1, Ohio. (Continued from previous issue) 


VMGURE 4 illustrates how the simple 
beam-to-beam connections with end 


connection angles were made with the 
are in the Register and Tribune Building. 


All of the smaller sized beams in this 


Z for 8; 10/12; /4 £16 Beams 
for beams larger than 16° 


structure were designed as simple beams 
i with two standard connection angles at 
each end. 

In this type of connection one angle is 
shop welded to the supporting girder and 
the other is shipped loose belted to the 


girder. The outstanding legs of both of 


these angles are punched with a minimum 
number of holes so that the beam can be 
temporarily supported by means of drift 
pias or bolts through the web imdepend- 


ently of the beam on the far side until the Pi 
Field Weld 


(see table) 


rest of the connection is welded. This 
method allows adequate erection clear- 
inces and yet insures exact span lengths 


for the beams and exact spacing for the 
main girders. 

The following table shows a typical set 
of this type of standard welded simple 
beam connections such as were used on the 
; Register and Tribune Building in Des Figure 4 

Moines. The table gives the number of 


bolt holes that were provided for the erec- possible, as this will materially reduce standing leg of the angle between the back 
| tion of various sizes of beams and also the fabricating costs, since the beams or gird- of the outside radius of the bend and the 
amounts of field welding for the permanent ers are large and heavy and cost consider- face of the column flange in line with the 
connections. able to handle. horizontal forees as shown in Fig. 5 (A 
All of the smaller sized beams were de- At the wind brackets the continuity of At the same time, the 4-in. vertical leg of 
signed as simple beams in this manner and the beam to column framing was gained in the bent plate is fillet welded to the column 
the flanges of the beams were not field 4 unique manner as shown in Fig. 5. Bent flange to help provide for shear. The rest P 
welded exeept for the main wind bracing plate seat angles, 15'/.- x 4- x ?/-in., were ef the shear is provided for by means of 
ind continucus girder connections to the made, shop welded to the column flange the 5- x 3 x '/;in. end connection angle. 
columns with the long leg outstanding. The * y-in One of these angles is shop welded to the 


fuce of the column with plug and fillet 


welds while the other is shipped loose and 
Beam A. Total field welded lo the column flange wid beam 


Size, in Spaces Field weld shear, lb. web after the beam is ereeted in the field 


Sin. & Wie in. x in Continuity in the top flange of the wind 
12 in. & x Oft in bracing beam is provided for by meats of 
16 1 ‘yin. x O ft 1h! /,in 36.700 the 7- x 1'/<in. cover plate. This plate is 
Is in. XO in 48,000 shipped loose and then placed in position 
21 2 x ft 2 in 5,000 ter thet welded 
4 5 in. x 1 ft. x 43, in 83.500 utter the beam ts erectes Is bull 
27 2 x 1 ft. 7'/sin 101,000 to the column first and then fillet welded 
30 3 X in 127,600 to the top flange of the beam 
33 3 m. Ket tin 144,000 Phis connection provides for the bending 
36 x 2 ft 3?) in 161,000 
moment capacity of the beam combined 
with an end shear of 65,000 Ib. Suitable 
backing plates are also provided bet ween 
In designing beam or beam-to-girder plates were bent to a °/, in. radius on the the column flanges as necessary to resist 
connections, the shop punching of the main inside of the bend, providing room for the tension and compression forces with- 
members should be eliminated as much as about ?/-in. butt weld in line with the out- out bending the column flanges. 


. 
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Figure 


Figure 6 is a sketch of a ty pu aul column 
splice that was used on the new 10-story 
and Tribune Build- 
ing, in Des Moines, Iowa, for the T'rib- 


addition to the Register 


une’s new radio station and hewspaper 
plant. The splice shown is the junction ot 
a 14 WF 176-lb. column on top of a 14 
WF 228-Ib. column which occurs 2 ft 
ibove the third-floor level 

The ends of both of these column see- 
tions are first milled for a square bearing 
surface and then the two lower inside 
x 3- erection splice angles are shoy 


welded on opposite sides of the web of the 


section to 
the 


standing legs of these angles are provided 


column so as 


heavier 
the end of 


projec 


past column, The out- 


with holes for erection bolts to the out- 
standing legs of the other two angles that 
are shop welded to the upper column see 
tron The purpose ol these angle being to 
splice and hold the two adjacent columu 
sections together temporarily while they 
ire being field welded 

the lower end of the 
V-beveled 
field butt 
splice is completed by filling these space- 
The both 


flanges are made from the same side to save 


The flanges on 


upper column seetion are or 


J-grooved for welding and the 
with weld metal bevels on 
handling and turning the column during 
the process in the shop and for better con 
venience of welding them in the field. 
Figure 7 is a similar splice wherein « 
12 WF 53-lb. column is joined just above 
the level of the sixth floor to the top o 
a 14-in. WF 87-lb. column with the 
of two flange splice plates 
x ft. 3-in. splice plates 


alc 


Two 45/-x 
were fillet welded to the web and inside 


face of the column flange onone side of the 
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I4-in. column 


PL 10" 


milled 


then 


ith the 


lower column section, while one 14- x L- x 


Fic 5A 
Figure 5 (A) 
i-ft. cover plate, with the lower end 


prepared for welding, was fillet welded to 
the outside face of the opposite flange of 


the 12-ip column 
In this fashion both flange welds are 
made accessible from the same side of the 


column for welding and for the convenience 
of erection as is sometimes necessary when 
“an old 


new steel is erected adjacent to 


structure. The other details, splice angles, 
field bolts, 
to those previously shown in Fig 6. 

The column splice details used for splic- 
columns to 12-in, 10-in. 
were also similar to that 


etc., for this splice are similar 


ing 12-in and 


columns to 10-in 
Che following table gives’ the 


of Fig. 6 


data for these other typical splices. 


We ld A 


Capacity 


Size of Depth of Lenath 
upper ¢ olumn chamfer, in of weld, in 1 weld, lb 
14 WE 142 to 14 WF 426 15!/, 113,000 
14 WF 87 to 14 WF 136 3 4 80,000 
Columns with flanges 12 in. wide 12 65,000 
Columns with flanges 10 in. wide 10 14,000 
Columns with flanges in. wick 27,000 
f —@w ss 
% 
; 
EAH 
4, 
A+ tec tor 
#N 
47 
|| 
| 
| 4 
4 


Figure 6 
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activities + related events 


OUR NEW PRESIDENT 
Oo. B. J. Fraser 


J. Fraser is Assistant Manager of 
the Development and Research Division 
of The International Nickel Co., Inc., New 
York. Born in Brookville, Ontario, he re- 
ceived a B.Sc. degree in metallurgical en- 
gineering in 1916 from Queen's University, 
Kingston. 


Mr. Fraser joined The International 
Nickel Co. in July 1417 as metallurgical 
engineer at the Bavonne, N. J.. Works 
In April 1918 he was transferred to the 
company’s Port Colborne, Ontario, Works 
ind became successively rintendent of 
the  Eleetrostatie Fume Preeipitation 
Plant, night works superintendent and re- 
During 1922, while still 
with the company, he became associated 
with the Mellon Institute in the study of 
corrosion of niekel and nickel alloys. Mr 
Fraser was placed in charge of the Re- 
search Laboratories of INCO at Bavonne 
in 1924, remaining in that position until 
1932. During the next two vears he car- 
ried on field development work in the use 
of nickel alloys in the petroleum industry. 

Mr. Fraser is actively identified as both 
officer and member of committees of a 
number of metallurgical and engineering 
organizations. He is First Vice-Chairman 
of the Committee on 
Filler Metal. 

Mr. Fraser joined the Amertcan WewLp- 
ING Soctery in 1935 and served as Trens- 


search 


984 


urer of the Society (1941-47) as well as 
Second and First Vice-President, respec- 
tively. He is currently Chairman of the 
National Membership Committee and has 
been doing quite a spell of visiting sections 
Mr Fraser is also 
member of a number of other societies 


for the last few vears 


IST VICE-PRESIDENT 
Harry W. Pierce 


Harry W. Pierce graduated trom the 
United States Naval Academy in 1922, 
postgraduate in Naval Construction from 
Massachusetts L[nstitute of Technology 
1925-26. He served as Naval Construe- 
tor, U.S. Navy until 1980.) Has been 
connected with the New York Shipbuild- 
ing Corp. since 1930.) Most of his work 
during eighteen vears has been closely 
connected with welding in ship construc- 
tion. At present he is Assistant to the 
President 


Mr. Pierce is « native of Nebraska, and 
started out studying chemistry at the 
University of Nebraska before World War 
I diverted him into the Navy. During the 
war vears, in addition to his duties at the 
New York Shipbuilding Corp., Mr. Pierce 
handled several projects for the Bureau of 
Ships, Navy Dept., and received the Cer- 
tifieate of Commendation of the Bureau of 
Ships. Also one of a Special Committee 
for the investigation of the Tanker 
Schenectady in January 1942, and has since 
served on many Advisory Committees in 


Socrety Activities and Related Events 


connection with the investigation of weld- 
ing stresses in ships, steel for ship con- 
struction and corallary investigations. 

In 1947 Mr. Pierce was granted a four 
months’ leave of absence from New York 
Ship to join Overseas Consultants, Inc., 
for a study of the Japanese Shipbuilding 
industry for the War Dept., in connection 
with reparations and determination of 
minimum industrial levels in shipbuilding 

He is Vice-President of Distriet No. 2 of 
the American Soctery, having 
previously served as Chairman of the 
Philadelphia Section, Chairman of the Ma 
rine Committee, Chairman of the Tech 
nieal Activities Committee and as a Di 
rector-at-Large. 

Mr. Pierce is also a member of the So- 
ciety of Naval Architects and Marine En- 
gineers, the American Society for Testing 
Materials, Director of the Engineers Club 
of Philadelphia, and honorary member of 
the Japan Welding Society 

He is Vice-President of the Engineers 
Club of Philadelphia, and next year’s 
President of the Philadelphia Maritime 


Society. 


2ND VICE-PRESIDENT 
Charles H. Jennings 


Charles H. Jennings was born in Des 
Mones, Lowa, Jan. 23, 1906, and attended 
lowa State College at Ames, where he re- 
ceived the Degree of Bachelor of Science in 
Mechanical Engineering in 1928 

Mr. Jennings was admitted to the Grad- 
uate Student Course of the Westinghouse 
Kleetrie Corp. in 1928, and completed the 
normal vear’s course in seven months 
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There’s More than One Way 
to Bear Down on Costs 


By James B. Scott, President 
Welded Products Company, Grand Haven, Michigan 


When the backfield runner hits the line and finds a stone 
wall, he tries to skirt around it for yardage. Likewise, 
many shops follow these tactics in the tussle for lower costs. 


When we can maké no further headway in cost reduec- 
tion with an existing method, we often manage to find 
new, fresh approaches to the problem. For example: 


1. Examine the design. To improve the cast sprocket 
for a chicken feeder, we used two stampings as shown in 
Fig. 1. The resultant sprocket operates better because the 
feed doesn’t jam in the teeth. To get the same results with 
the former design would have cost considerably more. 


2. Examine the set-up. We were nip and tuck with 
competition (another process) on a machine base. By 
devising an improved clamping and positioning fixture, 
we speeded up output from 5 bases to 9 bases per day 
—cut unit cost $2.20 each. 


3. Examine the welding procedure. Types and sizes of 
electrodes ... amperage... A.C. or D.C... . these factors 
are weighed in setting up the procedure for each job. 
On a recent cold-rolled steel job, we used “Shield-Are 
LH-70” electrodes and eliminated pin-holes, speeding 
up welding and cutting costs. 

In all of our efforts to bear down on costs, we find it 
extremely helpful to have the advice of the Lincoln 
Welding Engineer, and we use Lincoln Welders and 
Electrodes practically 100°. 


Fig. 1. Changeover of this chicken-feeder sprocket to welded 
stampings eliminated feed jamming. 


Fig. 3. Typical of the welding output of Welded Products 
Company is this group of engine brackets, fabricated from 
stampings and shear-cut plate. 


Fig. 2. Two points of attack on welding costs: Left—Duane Brady and James Scott work on the 
modification of a product design. Right—Ingenuity is applied to the design of fixtures and the 
planning of welding procedure for each product. 


The above ispublished y TEX LINCOLN ELECTRIC COMPANY iw of 


Write for free Mild Steel Weldirectory, Bul. 462. The Lincoln Electric Company, Dept. 910, Cleveland 1, Ohio. 
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In 1929 he became attached to the 
mechanies Division of the Westinghouse 
Research Laboratories in East Pittsburgh, 
where he instituted advanced studies in 
the mechanical properties of welds, weld- 
ing design, welding applications and weld- 
ing problems. 

In 1936 he was transferred to the Lab- 
oratories’ Chemical and Metallurgical 
Dept. und put in charge of all the welding 
research. In 1943 he was made Section 
Engineer of the Welding Section and in 
1945 promoted to Engineering Manager of 
the Welding Department which position 
he now holds. 

In 1937, Mr. Jennings was called to 
England for three months as consultant 
welding engineer for the English Electric 
Co He has also conducted a course in 
welding metallurgy at the Carnegie Insti- 
tute of Technology, prepared a training 
course for welding operators for the Pitts- 
burgh Board of Edueation and served as 
part-time staff member of the N.D.R.C 
War Metallurgy Division during 1942. He 
is the author of more than thirty articles 
on welding and two books How to Weld 29 
Vetals and 50 Lessons in Are Welding. 

In 1939, Mr. Jennings was awarded the 
Westinghouse Silver “W" and Order of 
Merit for distinguished service in welding 
research and application. Mr. Jennings 
has been active in the AMERICAN WELDING 
Society for the past twenty vears and has 
held the offices of Chairman Pittsburgh 
Section, District Vice-President, Director 
at large and Direetor Niagara Frontier 
Section. He is Chairman of the Technical 
Activities Committee and a member of 


seven other committees. He has served on 


six other committees, assisted in the 
preparation of several chapters for the 1938 
and 1942 editions of the Welding Handbook 
and lectured before thirty-eight sections of 


the Sociery 
VICE-PRESIDENT, 
NO. 1 
H. S. Swan 


Our new District Vice-President, 
Swan, was born on Feb. 11, L908; gradu- 


DISTRICT 


ated from Rensselaer Polytechnic Insti- 
tute in 1940 with the Degree of Civil Engi- 
neer, From 1931 to 1940 he served as Re 

search Welding Engineer for J. A. Roeb- 
ling’s Sons Co. From 1940 to 1941 he was 
Assistant Welding Engineer in the New 
York Navy Yard. In that year he beeam« 
connected with the American Locomotive 
Co. as a Welding Engineer and served in 
that capacity until 1944 when he was made 
General Welding Supervisor. In 1947 he 
received a further promotion and became 
Welding Engineer for the 
Division which position he occupies today 

Mr. Swan is Past-Chairman of the North 
ern New York Section of the AMERICAN 
WeELDbDING Socrery, Past-Chairman of the 
Schenectady Engineering Council and is a 
member of the Army Ordnance Armor 
Welding Committee. 


Locomotive 


VICE-PRESIDENT, DISTRICT 


NO. 3 
L. C. Stiles 


L. C. Stiles, Plant Superintendent 
Chicago Bridge and Iron Co., Birmingham, 
Ala., has been elected Third District Vice- 
President of the American 
Socrery. 

He was born Feb. 20, 1906, in Strafford 
N. H., attended the public schools at 
Greenfield, Mass., and graduated from 
Ohio Northern University in 1928 with a 
B.S. in Civil Engineering. Upon gradua- 
tion he went to work for the Chicago 
Bridge and Iron Co., in their Erection 
Dept. where he immediately became in- 
volved with field welding problems He 
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Aluminum assemblies can be joined by all 
three resistance welding processes . . . spot, 
seam or flash. 

Take this aircraft panel, for example. A 
seam welder lays down 120 spots per minute, 
and can do more! 

Spot welding aluminum cooking utensils 
is done in one instance at 1800 welds per 
hour. That’s production! 

For joining irregular shapes with butt or 


miter welds, flash welding, another resistance 


RESISTANCE WELDING 


ALUMINUM 7 
spot, seam or flash 


welding process, offers 60 to 200 welds per 
hour with maximum joint efficiency. 
Thousands of manufacturers are realizing 
greater profits every year by following simple 
cleaning and setup procedures. Learn how 
simple it is with a copy of Weld- 
ing and Brazing Alcoa Alumi- 
num. Ask your nearby Alcoa 
Sales Office or write ALUMINUM 
Company OF AMERICA, 1933K 
Gulf Bldg., Pittsburgh 19, Pa. 


FORGINGS + IMPACT EXTRUSIONS 


SAND, DIE & PERMANENT MOLD CASTINGS 
* MAGNESIUM PRODUCTS Nw (R) 


ALUMINUM PIGMENTS 


ROD BAR + TUBING + PIPE 
FABRICATED PRODUCTS FASTENERS + FOIL 


* SHAPES, ROLLED & EXTRUDED WIRE 
* SCREW MACHINE PRODUCTS + 


INGOT + SHEET & PLATE 
ELECTRICAL CONDUCTORS 
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If you're welding with direct-current, General Electric D-C 


arc welders are designed with you in mind. Regardless of 


the job, they bring you: 


1) 
2) 
3) 
4) 
5) 


Superior welding performance 


Single-dial, dual control 


50% savings in size and weight 


Easy, inexpensive maintenance 


Dependable service over long “life span” 


And finally, G-E arc welder prices are now at their lowest 
point in ten years, SO BY BUYING NOW YOU SAVE 
MONEY on the original purchase, welding operations, and 


maintenance. Your General Electric Welding Distributor 


can deliver just the model you want right from his own 


stock; don't put it off... call or write him today! Apparatus 


Department, General Electric Company, Schenectady 5, N. Y. 


This G-E WD-42 200-amp welder is in constant use 
on a great variety of jobs in this welding job shop. 
Like the 300- and 400-amp models, it gives superior 

iding perf with a forceful, easily con- 
trolled arc over a wide current range. 


Here's one of 14 G-E d-c welders employed on a 
big power-plant construction job. Note the single- 
dial, dual control —it's standard on all three models. 
The handy electrode selector makes desired current 
settings easy, and gives complete flexibility. 


The 200-amp WD-42 welder is ideal for welding 
with low current on sheet-metal and other thin 
gauge materials. All WD-40 welders offer a 50% 
savings in size and weight over heavy, old-fashioned 
welders thanks to efficient functional design, 
which has eliminated ‘dead-weight.” 
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This WD-44 400-amp welder is a primary main- Plenty of heavy usage is the regular diet of this 
tenance tool in the main generating station of a WD-43 300-amp welder in a New England 
Massachusetts power company. And maintenance foundry, and it's always ready for more; de- 


for welding jobs 


( and many more ) 


...engine-driven welders? Certainly! 


In addition to the same advantages and welding characteristics of the 

motor-generator welders, G-E engine-driven welders also provide 
200-aomp welder with Wis- 
consin air-cooled engine 
and V-belt drive; welding 2. Light weight, and a variety of trailer models, for ready portability 


generator and control is 
identical to WD-42 motor- 3. G.E.'s “slow-down" control saves gas, and wear and tear by slow- 


1. Easy, dependable operation with performance-proved engines. 


generator set. Also avail- ing the engine to idling speed when not actually welding; engine 
able with Hercules liquid- speeds up automatically the instant the arc is struck, with a pre- 
cooled engine. Note the 
auxiliary power take-off 
(d-c) for 110-v lights and Engines operate at constant optimum speed; all welding control is 
universal tools. Approxi- electrical. 

mate weight — 1000 Ibs. 


cision governor to prevent overspeeding. 


Muffled exhaust with rain cap to exclude water 


300- and 400-amp models are available ...GM or Caterpillar diesel-engine drive. For light-duty welding this WD-3200BG 200-amp 
with either 6-cylinder Chrysler gas- Electric starting is furnished on all 300- and machine with air-cooled engine-drive is ideal; weighs 
engine drive, or with. . . 400-amp models, both gas and diesel, at only 660 pounds (net) and is only 26” wide. 

no extra cost. 


Ju con pt your GENERAL GQ ELECTRIC 


71-9 


ARC WELDERS @ ELECTRODES @ ACCESSORIES @ RENEWAL PARTS 
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HIGH 
PRESSURE 
CYLINDER 

VALVES 


for OXYGEN and HYDROGEN 


Designed, tested and proved for high 
pressures and severe service. 


Packing washer may be replaced with 
cylinder under pressure if necessary. 

Fuse plug and bursting disc provide posi- 
tive safeguard. 


_ Bronze stem furnished as standard, also 
_ available with monel stem on special order. 


for ACETYLENE 


Listed by Underwriters’ Laboratories. 


Cadmium-plated steel stem with monel 
Up resists rust and wear. 


Ball-nose seat construction assures positive 
shut-off. 


for CARBON DIOXIDE 
Available with diaphragm-type or packed- 
type construction. 


Compact, rugged design for use with high 
pressures. 


Equipped with bursting disc safety device. 


*Reg U.S. Pat. Office 


““BASTIAN-BLESSING: 


420) W Peterson Ave. Chicage 30. illinois 


Pionees ond in the Des.an and Monutacture of Precision 


Equipment for Using and Controlling High Pressure Gases 
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L. C. Stiles 


has supervised the field welding of prac- 
tically every type of structure built by his 
company, including the construction of 
157 LST’s at Seneea, Hl. during World 
Warll 

In 145 he was sent to his company’s 
Birmingham plant 
Welding Engineer until L947 when he was 
made Plant Superintendent. 

“Dan” Stiles, as he is more commonly 
known, has been a member of the AmerRI- 
CAN WELDING Sociery tor 
and was Chairman of the Birmingham 
Section in [948-49 He is also a member 
of the American Society for Metals. 


where he served as 


many vears 


VICE-PRESIDENT, DISTRICT 
NOL 5 
John A. Grodrian 


John A. Grodrian was born in) Fort 
Wayne, Ind.. May 24, 1910, attended 
Antioch College 1927-28 and graduated 
from Purdue University in 1934 with a 
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Bachelor Degree in Chemical Engineering, 
majoring in Metallurgy. 

Mr. Grodrian has had a wide industrial 
experience working for the General Elec- 
tric Co., from 1934 to 1936; in the 
Metallurgical Laboratory of Carnegie- 
Illinois Steel, 1936 to 1939 and as Technical 
Trade Consultant of the latter company in 
their Alloy Bureau from 1939 to 1942. He 
became connected with the Bendix Prod- 
ucts Division of Bendix Aviation Corp., in 
1942 and is now connected with that com- 
pany. He started as staff Metallurgist, 
was promoted to Chief Metallurgist and in 
1946 was promoted to Director of Factory 
Laboratory, which position he now holds 

Principal interest in welding embraces 
technical control of welding of high-alloy 
steels employed in aircraft landing gear 
construction, and brazing of special ma- 
terials. He assisted in developing satis- 
factory commercial method of copper 
brazing stainless steels. 

Mr. Grodrian is a Founder member of 
the Michiana Section and has served as 
Vice-Chairman and Chairman of that 
Section and has lectured to numerous 
Sections on Welding Metallurgy 

He is a member of the Executive Com- 
mittee of the Notre Dame Section of the 
A.S.M. and has served as Vice-Chairman 
and Chairman of that Section. Mr. 
Grodrian is also a member of the National 
Association of Foremen, and Izaak Walton 
League of America, 


VICE-PRESIDENT, DISTRICT 
NO. 7 
W. F. Boyle 


Mr. Boyle was born in Brooklyn, N. Y., 
in 1905 and graduated from Pratt Insti- 
tute, Brooklyn, in 1927 as an Industrial 
Mechanical Engineer. He completed a 
Graduate Student Course with the West- 
inghouse Eleetrie Corp., and served in the 
Large Turbine Section of that company at 
Essington, Pa., through 1936. 

Thereafter, he was transferred to the 
Westinghouse Middle Atlantic District 
with headquarters at Philadelphia, Pa., 
and served for nearly three years as a 
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Continuous Longitudinal Seam 


Welders 
Horn Jigs 


Circumferential Seam Welders 


Boom Welders 
Turntables 

Head Setters 
Turning Rolls 


Universal Jib Welder 
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STAYING OUT OF THE GROOVE 
IS OUR BUSINESS! 


22 CF Twin Head 
Berkeley Continuous 
Longitudinal Seam 
Welder. Capacity 
8” to 20" 


Because our business is the design, 


engineering and manufacture of special jigs and 


fixtures, we can’t afford to ‘‘get in the groove.”’ 


No two Penn Tool & Machine Co., 
products are alike because each of our customers 


has a unique requirement a special problem to be 


met and solved by a welding jig or fixture. 


But no matter how different one Penn 
Tool & Machine Co. product is from another, they 
all have the same sound design, practical engineer- 


ing and superior operating efficiency that has char- 
acterized Penn products for many years. 


If your production requires the welding 
of repetitive parts and your costs must be kept to a 


minimum, bring your problem to us. Our engineer- 
ing skill, experience and modern plant facilities are 


at your disposal. 
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Steam Engineer, responsible for Applica- 
tion and Installation Engineering on steam 
turbines and condensers, reduction gears, 
stokers and related steam power and elec- 
trical equipment. Following this he was 
returned to Westinghouse Steam Division, 
Essington, Pa., and organized and served 
as Manager of the General Purpose Tur- 
bine Sales Section, holding this position 
until being made Manager of Marine 
Sales in 1941. 

A vear later Mr. Boyle was shifted to the 
Manufacturing Dept. to set up a Sub- 
contracting Division and served as its 
Manager until 1944, at which time was 
made Manager, Gas Turbine Activities, 
with the responsibility for coordinating 
the efforts of all departments on the 
critical and revolutionary Navy jet  air- 
plane power plant development. 

When Westinghouse organized an Avia- 
tion Turbine Division on Feb. 1, 1945, he 
was appointed Sales Manager. He re- 
signed from this position in May 1945 to 
join the Baldwin Group as Assistant to 
the Vice-President, The Baldwin Loeco- 
motive Works, Eddvstone, Pa. On Aug 
1, 1945, Mr. Boyle was appointed by the 
Board of Directors to serve in a dual ca- 
pacity as General Manager of The Pelton 
Water Wheel Co., and Pacifie Coast Dis- 
trict Manager, The Baldwin Locomotive 
Works, San Francisco, Calif. 

On Nov. 27, 1946, at a meeting of the 
Board of Directors, he was elected Vice- 
President and General Manager of The 
Pelton Water Wheel Co., 
served in this Capacity 

Mr. Bovle is registered in the state of 


and has since 


California as a Professional Engineer, 
Mechanical Branch, July 1, 1948. 

Mr. Boyle is Director of the California 
Metal Trades Association and has served 
as Chairman of committees of that associa- 
tion, of which he is also a member of the 
Executive Committee. He is also Vice- 
President of the Pacific Coast Committee 
of the Neweomen Society of England. He 
is a member of the M.A.P.1. Couneil for 
Technological Advancement, the Olympic 
Club of San Francisco and the AMERICAN 
We.pine Sociery. He is also an active 
member of the California State Chamber 
of Commerce and the California Manufac- 
turers Association. 


NEWLY ELECTED MEMBERS. 
BOARD OF DIRECTORS 


Leon C. Bibber 


Leon C. Bibber graduated from the 
University of Michigan in 1916 with the 
degree of Bachelor of Marine Engineering. 
During the following vear he received his 
M.S. at the same school. From 1918 to 
1926 he was engaged in designing and 
estimating work on marine machinery and 
other types of structures. 

Inf 1926, Mr. Bibber began his work on 
the design and construction of welded 
buildings, cranes, ships, ete. In 1929 he 
became Senior Welding Engineer of the 
Bureau of Construction and Repair of the 
United States Navy Dept., Washington, 
D.C. There he was involved in laving the 
foundations for the use of welding in naval 


CUTS, 
PRODUCTION AND 
MAINTENANCE 
COSTS MORE THAN 
HALF 


Booth 2531 Metal Show 


SPEEDY LAYOUT JOBS 
ON PIPE AND 
STRUCTURAL STEEL 


ship construction 


EASE SPEED 
WITH THE 


In 1936 he became Welding Engineer ot 
the Carnegie-Hlinois Steel Corp. in Pitts- 
burgh. Here he is concerned with researe! 
into the weldability of the various prod- 
ucts manufactured by that company, and 
in the applications of those products to 
welded construction 

He is a member of many technical se- 
cieties and many committees of those 


secretes 


A. F. Davis 


Alton Frank Davis was bern ou 
Dismeond Ohio, Oct 24, He 
graduated trom Ohio State University ir 
1914 with the degree of Electrical engi 
heer 

| pon his graduation from Ohio State 
University, he started to work for The 
Lincoln Eleetrie Co., Cleveland, Ohio 
serving. the company several 
In 1925 Mr. Davis became a director and 
was elected a vice-president ol the 
pany and then in addition secretary in 1938 


CONTOUR MARKER 


Compact, fits into hip pocket. Efficient, accurate, 
easy to use. Any of the angles in the illustration 
to the right can be marked off in five minutes or 
less on any pipe from 1'4 to 18 inches. Save time, 
labor and gas—will pay for itself in one day. 
iF YOUR LOCAL DISTRIBUTOR CANNOT SUPPLY 
YOU CAN ORDER DIRECT. 

TO CONTOUR MARKER CORP. 

1843 E. Compton Blvd. 

Compton, Calif. 
Please send me full details on the Contour Marker 
NAME 
COMPANY 
STREET 


CITY 


Society Activities and Related Events Tue 


: 
bs 
3 
> 
‘ } 
| 
4 
j 
= 
‘ 
Fa 
on 


THE AUTO ARC 
WELDING HEAD 
AND CONTROLS 


he rd € 
isine word for 


AUTO ARC 


The versatility of the standard Auto Arc Welding Head is illustrated by the range of applica- 
tions. The production of 16 open-arc welds per minute with four heads requires good arc 
starting features. Another installation with two heads starting simultaneously with 380 amps. 
A. C., submerged-arc on °/32” electrode, has a welding cycle of 30 seconds. 

Continuous welding is maintained in a pipe mill where uniform arc control is necessary to 
secure desired penetration. After welding, the pipe is expanded hydraulically with pressures 
of 1500-2000 Ibs. p.s.i. 

Auto Arc equipment is also successfully operating on steel mill applications of hard surfacing 
materials in high temperature zones. 


Where automatic arc welding is applicable to your production, let our engi 
its economy. 
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from a 1500-ampere capacity unit. 

AIA THE AUTO ARC-WELD MFG. CO. 
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For the past 10 years almost everything for cutting and 
welding has been exclusively NCG at the Hillman Borge 
and Construction Co 's Alicia yord near Brownsville, Po 
Hillman, designers and builders of barges, towboats, 
derrick boots ond other craft, produce the all-welded 
streamlined, twin-screw, diesel-motor tows of the type 
seen in the picture with Sureweld B and N electrodes 
NCG goses and opporatus, both manual and automatic, 
ore used to speed shop fabrication of structural parts 
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Proved performance makes 


SUREWELD electrodes 


the choice of thousands 


of steady users... 


“Sure, Sureweld Electrodes do the job 


better—and faster, easier and more 


economically,” agree thousands of satis- 


fied Sureweld users from coast to coast in 


every line of manufacturing you can 


name. The explanation is simple . . . Sure- 


weld Electrodes are manufactured under 


the most exacting conditions, safeguarded 


in quality by four distinct laboratories, 


rushed to you fresh through NCG’s 


nation-wide network of branches and dis- 


tributors. And built into every Sureweld 


Production is speeded at the Indianapolis plant of J. D. Adams Manufacturing Electrode is NCG’s 30 years of experience 

Co., oldest manufacturers of road machinery and pioneers in oll-welied 
construction, by the use of NCG's Shield-O-Matic automatic welding process in welding application... Sure, whatever 
Here is seen the welding of discs to rims in the fabrication of wheels for ; 

Adams graders. Adams also uses three NCG automatic flame cutting mo- the job, there’s a Sureweld rod to bring 


chines to keep their heavy production moving fost, and relies on NCG goses 


new speed, quality and economy into 


your welding operation. Try Sureweld to- 


day for sure! 


EVERYTHING FOR WELDING 


NCG is recognized as one of the largest organiza- 
tions of its kind in the world. It operates 73 man- 
ufacturing plants within the United States, offers 
supply and service through a vast network of hun- 
dreds of authorized NCG dealers and warehouses 
For assured satisfaction in your welding and cut- 
ting needs 


RELY ON NCG 


NATIONAL CYLINDER GAS CO. 
Executive Offices: 840 N. Michigan Ave. 
Chicago 11, Illinois 


Pioneers in Electric Welding since 1920 


Copr. 1949, National Cylinder Gas Co 
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The board of directors of The Lincoln 
Electric Co. created The James F. Lincoln 
Are Welding Foundation in 1936 in honor 
of J. F. Lincoln, president of the com- 
pany. Mr. Davis was appointed secretary 
of the Foundation. — Its purpose is to stim- 
ulate scientific progress in are welding. 

In 1942, Mr. Davis established at the 
Ohio State University the A. F. Davis 
Welding Library and presented it) with 
funds for its continued growth. 

In 1945, Mr. Davis established the 
\. F. Davis Welding Awards with the 
AmertcaN Sociery, wherein 
«wards are given vearly for papers on weld- 
ing written by undergraduates of engineer- 
ing colleges and published under- 
graduate magazines 

Mr. Davis is Vice-President of the 
Board of Trustees of Glenville Hospital 
und a member of the executive committee 
of the Board of Trustees of the Cleveland 
Hospital Service Association. He is on 
the Board of Trustees of the Cleveland 
Young Men's Christian Association and 
holds memberships in the 
Soctery, American Society tor 
Engineering Edueation, American Society 
for Metals, American Society ot Mechanical 
Engineers, American Society for Agricul- 
tural Engineering and American College 
Publicity Association. His college trater- 
nity is Sigma Alpha Epsilon. He alse is a 
member of Eta Kappa Nu, honorary elec- 
trical fraternity. Other club memberships 
include the Rowfant Club, the Canterbury 
Country Club, the Mayfield Country Club, 
the Union Club, the City Club, the Cleve- 
land Chamber of Commerce and the Mid 


Davy Club, all of Cleveland, the Faculty 
Club of Columbus, Ohio, and the National 
Press Club of Washington, D.C. He is a 
member — of Fairmont Presbyterian 
Church 


A. J. Moses 


A. J. Moses, graduate of Georgia 
School ot Technology, has been connected 
with Combustion Engineering-Super- 
heater, Ine., or its constituent companies, 


(Above) Welding without venti 
lating snout. Note smoke clouds 
and poor vision. Gases and heat 
surround operator's helmet. 


(Right) Collecting fumes with a 
Ruemelin Fume Collector. 


REMOVES WELDING FUMES at the Source! 


Solve your welding fume problem efficiently by installing Ruemelin Welding 


Fume Collectors. They produce a powerful suction that removes smoke, gas and 
heat at the source. Guards employee health, resulting in less welder fatigue. 
Clears shop air with minimum heat loss. Covers maximum welding area verti- 
cally, horizontally and by circle swing. Made in 9 ft. and 15 ft. reach sizes. 


Shipped assembled, easy to install. Th 
jineering service for your installation. 


ds in practical service. Free en- 


Write for our New Bulletin 37-D and list of users — just off the press. 


3881 NORTH PALMER STREET ° 
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RUEMELIN mrc. co. 


MANUFACTURERS AND ENGINEERS 
SAND BLAST AND DUST COLLECTING EQUIPMENT 


MILWAUKEE 12, WISCONSIN, U.S. A. 
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since 1920. He became General Manager 
of the Chattanooga Division in 1937, and 
in 1942 was elected Vice-President. 

An authority on welding and X-raying, 
Mr. Moses is the author of humerous arti- 
cles and papers on welding and the fabri- 
cation of welded pressure vessels 

For many years, Mr. Moses has been a 
member of the American WELDING So- 
crery, the American Society of Mechanical 
Engineers and the American Society for 
Testing Materials, having served on 
various committees of these societies He 
is also active in civie and educational 
Organiza tions, 


Gilbert S. Schaller 


Gilbert S. Schaller graduated from the 
University of Hlinois with a B.S. in M.E 
degree in 1916. Upon graduation, he was 
employed by the Kawneer Mig. Co., Niles, 
Mich., in the production engineering de- 
partment. While employed there, he de- 
veloped a machine for welding tubing with 
a multiple tip toreh— a development that 
plaved an important part in aireraft tubing 
manufacture during World War I. After 
ittendance in Officers’ Training Camp at 
Fort Sheridan, Il 9 he was commissioned 
in the Ordnance Dept He served overseas 
tor eighteen months both with the A bk 
ind as a staff officer in the Fourth French 
Army. Upon resumption of civil status 
he was with the Mendota Manufacturing 
& Transter Co. in production work and 
later joined the Hl. D. Conkey Co., as 
Faeetory Manager From the latter post- 
tion, he went to the University of Wash- 
ington, Seattle, as an Instructor in Me- 
chanieal Engineering. In 1925, he earned 
the degree at that university He 
is now Professor of Mechanical Engineer- 
ing in charge of the manufacturing methods 
courses and laboratories. 

Professor Schaller is a member of Tau 
Beta Pi, Sigma Xi and Chi Phi. Twice he 
has been chairman of the Puget Sound 
Section of the A.W.S. and a contributor 
to THe WELDING JoURNAL as well as other 
technical publications. He is a member 
and Past-Chairman of the Puget Sound 
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AGE ELECTRODES 
AND RODS 


ASK YOUR PAGE DISTRIBUTOR 
ABOUT: 


Page Allegheny Stainless Steel Electrodes 
and Gas Welding Rods 


Page Range of Types 
Page Field Service 


Page Research 
. AND 


Prompt Delivery from Warehouses in Chicago, 
Denver, Philadelphia, San Francisco and the factory 
at Monessen, Pa. 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York, 
Philadelphia, Pittsburgh, Portland, San Francisco, Bridgeport, Conn. 


PAGE STEEL AND WIRE DIVISION 
AMERICAN CHAIN & CABLE 
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Chapter of the A.S.M., and a member of 
the A.F.A. where he has served on several 
national committees. Among éther pub- 
liecations, Prof. Schaller has won the 
Junior Prize of the AJS.M.E. During the 
late war, he served as consultant for several 
Seattle and Tacoma companies in both 
welding and foundry capacities. 


American Welding Society 
Announces 1949 A, F. Davis 
Undergraduate Welding Award 
Winners 


In his first attempt at technical writing 
James B. Snider, Jr.. Agricultural and 
Mechanical College of Texas (Texas A. & 
M.), College Station, Tex., won the 
coveted first prize in the 1949 A. F. Davis 
Undergraduate Welding Award. Be- 
sides a $200 cash award Mr. Snider will be 
presented with a certificate in honor of his 
achievement on Monday, Oct. 17, 1949, 
during the annual meeting of the AmMert- 
can WELDING Soctrery at Cleveland, 
Ohio. 

David 8. Wise, University of Michigan, 
Ann Arbor, Mich., has been named the 
winner of the second prize of $150 and 
will also be honored at the A.W.S. annua! 
meeting. 

This Award is sponsored by the AMeRI- 
CAN WELDING Socrery and is made pos- 
sible by funds donated by A. F. Davis. 
Vice-President, The Lincoln Eleetrie Co., 
Cleveland, Ohio. The Award consists of 


Carbide 


IN THE RED DRUM 


EFFICIENT 
ECONOMICAL 
DEPENDABLE 


FOR WELDING 
Use National Carbide in the Red Drum 


Wise 


four cash prizes given annually to authors 
and publications for the best and second 
best articles on welding published in un- 
dergraduate papers or magazines during 
the preceding vear. 

The Teras A. & M. Engineer, which 
published Mr Snider's article entitled 
“The Atomic and Crystalline Structure of 
Metals” in its December LO4S issue, will 


also receive a $200 cash award, The 
Vichigan Technic will be presented with a 
$150 prize for publishing the article by 
Mr. Wise entitled “Electrical Welding in 
Conjunetion with the Briquetting Proc- 
ess” which appeared in its November 1948 
issue. 

Mr. Snider, who received his B.S. in 
Mechanical Engineering in August 1949, 
is a native of Waco, Tex He was a 
member of the R.O.T.C., Ross Volunteers, 
American Society of Mechanical lngi- 
neers and the Waco A. & M. Club at 
Texas A. & M. 

Mr. Wise is a native of Cleveland 
Ohio, and a senior in Electrical Eng- 
neering at the University of Michigan. He 
wa elected earlier this year to Phi Kappa 
Phi, National Honorary Scholastic Fra- 
ternity. 


The Importance of Welding to 
Management, the Engi- 
neer and the Public 


A unique and outstanding session 1 
planned for the coming Annual Meeting 
the American Welding Society o 
Thursday evening, October 20th, 8 p.m 
Allerton Hotel, Cleveland, Ohio 
Phil Swain, Chief Editor, Power and Oy 
erating Engineer, MeGraw-Hill Publisi 
ing Co, will present a comprehensive non 
technical dissertation on the subject. H 
will cover developments in the automotive 
heavy appliance, structural, home appli- 
ances, transportation and other industries 


and CUTTING 


Write us for information as to nearest available stock. 


NATIONAL 


CARBIDE CORPORATION 


New York 17, N. Y. 
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with new high-speed 


Now, stainless steels in all standard joint designs, in 
thicknesses of ‘18 inch plus, can be welded faster in 
all positions. 


You can make single or multi-layer welds by either 
beading or weaving. Vertical welds can be made up- 
ward or downward. In short, the Aircomatic Process 
permits the welding of stainless with all the ease and 
versatility of ordinary steels — at a high rate of deposi- 
tion and with complete freedom from slag. 


Continuous feeding of filler metal, and inert gas 
(helium or argon) shielding, are the two main features 
that give this new welding method its exceptional speed 
and flexibility. A bare filler metal, in wire form, is fed 
continucusly through a manually-operated gun... and, 
of utmost importance, the process deposits a weld metal 
with an analysis almost identical to the filler wire 
even approximately 60° of the titanium in the filler 
wire is transferred to the deposited metak 


Investigate the many advantages this new Airco- 
matic Welding Process, for welding stainless steels, 


1949 


Specimen of AIRCOMATIC welding 
stainless — vertical down. 


weld stainless steel 


AIRCOMATIC process 


aluminum and other metals, can offer you. If you 
can’t visit our booth at the Metal Show, but desire more 
information in the form of a descriptive folder, delivery 
and price data, fill in and mail the coupon below. 


SEE THE AIRCOMATIC WELDING OF STAINLESS STEEL AT THE AIRCO BOOTH 
No. 2126, NATIONAL METAL SHOW, CLEVELAND, OCT. 17TH TO 21ST, 1949 


Air REDUCTION 


Offices in Principal Cities 


Air Reduction Sales Company 
60 East 42nd Street, New York 17, N. Y. 


Please send me your folder (ADC-661) describing the welding of 
stainless steel with the Aircomatic Process and equipment 


Nome 
Address 
Firm 


City and State 
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NEWS THE 


A.S.T.E. Semiannual Meeting 


Details of the program for its 17th 
semiannual meeting announced by the 
American Society of Tool Engineers 
reveal that it will be featured by one of 
the most extensive technical programs in 
the Society's history. 

Scheduled for the Mount Royal Hotel 
in Montreal, October 27th through 29th, 
the three-day program provides for nine 
technical sessions— three on Thursday, 
tive on Friday and one on Saturday. 

The majority of the sessions deal pri- 
marily with methods by which tool engi- 
neers can reduce costs. Cost cutting 
with tools, cutting costs on dies, cost 
eutting with machines, estimating and 
economics of cost cutting are among the 
major subjects to be tackled at individual 

Opening the program officially on 
Thursday, October 27th, will be a wel- 
coming luncheon at which Camillien 
Houde, Mayor of Montreal, will weleome 
members to the city. 
begin at 2:00 P.M. with papers on 
“Mold Die Hobbing,” “Mold Die Finish- 
ing’ and “Application of Standard Tool 
Parts to Cut Costs.” 

Thursday evening is devoted to a 
session on “A New Concept of Surface 
Measurement,” with two papers. 

“Use of Low Melting Point Alloy for 
Tool and Die Work” will be the subject of 
a paper Friday morning and another on 
“Special Purpose Machines from Standard 
Units” at another session, ‘‘Estimating 
and Economies of Low Cost Tooling” 
is the topie of one of Friday afternoon's 


Technical sessions 


SeUSSIONS. 

\ symposium on all the factors relating 
to lowering costs in “Limited Produetion,” 
is also scheduled for Friday afternoon 
Friday evening's session will be devoted 
to various phases of “Hot Machining.” 

Saturday morning's session is devoted 
to the subject of “Statistieal Quality Con- 
trol,” 


Plant Visits 


Numerous plant visits have been sched- 
uled in the neighborhood of Montreal 
to permit visiting tool engineers to inspect 
methods by which Canadian industry 
has raised itself from eighth to fourth 
place in industrial output in the world. 
Plants at which visits have been arranged 
include Canadian Car and Foundry 
Co,, Ltd.; Canadian Vickers, Ltd.; 
Dominion Engineering Works, Ltd.; Tele- 
phone Division and Wire and Cable 
Division of Northern Electric Co., Ltd.; 
RCA Victor, Ltd.; Canadair, 
Canadian Pacifie Railway Co., Angus 
Shops; and Montreal Locomotive Works, 
Ltd, 


Clarence D. Howe, Banquet Spe aker 


Canada’s Minister of Trade and Com- 


1000 


merece, and also of Supply and Recon- 
struction, the Honorable Clarence D. 
Howe, will be the guest speaker at the 
semiannual dinner Saturday evening, 
speaking on “Industrial Canada—Today 
and Tomorrew.”’ 


Ladies Program 


An extensive ladies’ program has also 
been developed for the three-day meeting 
including special scenic motion pictures, a 
motor tour through the Laurentian 
Mountains, visits to interesting local 
industries, «a fashion show, ete. 


Lehigh Research Engineer to Go 
to England 


Lynn &. Beedle, research engineer for the 
department of civil engineering at Lehigh 
University, has been granted a leave of 
absence to accept an invitation from Cam- 
bridge University, | ngland, to coordinate 
liaison on studies being made at the two 
universities on the strength of welded 
steel frames and their components. The 
announcement was made recently by Dr 
Martin D. Whitaker, president of Lehigh. 

The trip will be under the sponsorship 
of the Welding Research Council and the 
Office of Naval Research m cooperation 
with the American Institute of Steel Con- 
struction, the American Lron and Steel 
Institute and the Lehigh University Insti- 
tute of Research Mr. Beedle is expected 
tostay at Cambridge University for three 
months 

Purpose of the trip is to promote closer 
liaison between the investigation of strue- 
tural members at the Fritz Laboratory at 
Lehigh University and the study made by 
Prof. John F. Baker of Cambridge on the 
plastic behavior of welded rigid frames 


Lincoln Foundation Announces 
1919-50 Engineering Under- 
graduate Award and Scholar- 


ship Competition 


The third annual competition of the 
Engineering Undergraduate Award and 
Scholarship Program was announced re- 
cently by The James F. Lincoln Ar 
Welding Foundation of Cleveland, Ohio 
This program offers annually $6750 in 
awards and scholarship funds to engineer- 
ing undergraduate students and to schools 
for the best papers prepared by under- 
graduates on are-welded design, research, 
fabrication or maintenance, A total of 77 
awards ranging from $25 to $1000 will be 
awarded to students and $1750 for 7 
scholarships will be awarded to schools, 

The Foundation’s Undergraduate Pro- 
gram, whose rules were formulated with 
the advice and help of 11 prominent college 
engineering deans, is conducted to en- 


Vews of the Industry 


courage engineering students to investigats 
some phase of the science of are welding 
Regardless of previous knowledge of are 
welding, all resident engineering under- 
graduate students, including agricultura! 
and architectural, registered in a school or 
college in the United States are able t 
compete in the writing of papers for 
awards. 

Student papers may have a wide variety 
of subject matter and can be based on 
study or actual experience. Papers may 
describe the welded design of a machin 
or structure or any part of a machine or 
structure. Maintenance and repair o/ 
machinery or farm equipment is anothe: 
subject as well as any phase of welding 
tabrication. Laboratory research and de- 
velopment work may also be deseribed 
Awards to students for the best paper- 
submitted will be made as follows: 


Total amount 
of awards 


Number of 
awards 


mount 
each award 
$1000 
500 
250 
150 
100 
5O 
25 


$5000 


Scholarship funds will be awarded ts 
schools according to the following plan 
The schools or colleges in which the thre« 
top awards are made to students wil 
receive amounts of money equal to those 
awards. These amounts will be used for 
scholarships in the departments in whicl 
the award-winning student is registered 


Total amount 
scholarship 
funds 


Imount of 
Number of cach 
scholarships scholarship 
$250 
2 250 
250 


7 $1750 


As a result of previous competitions 
a total of $3500 in scholarship funds has 
been awarded to the University of Cin- 
emnath, University of Minnesota, Uni- 
versity of Wisconsin, Case Institute of 
Technology and Lowa State College. 

Dr. KE. E. Dreese, chairman of the 
Board of Trustees of the Foundation 
describes the purpose of this series of 
annual programs as the encouragement 
of the study of the science, technology 
and application of are welding through 
the preparation of papers by students of 
engineering upon whose shoulders rests 
the responsibility. for future industria 
progress 

The Rules Committee which formulated 
the rules consisted of the Dean of Engi- 
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of electric résistance 


neering at A & M College of Texas, 
University of Michigan, Pennsylvania 
State College, Cornell University, Case 
Institute of Technology, Carnegie In- 
stitute of Technology, Ohio State Univer- 
sity, Massachusetts Institute of Techno- 
logy, Georgia School of Technology, Poly- 
technic Institute of Brooklyn and Stanford 
University with Dr. E. E. Dreese of Ohio 
State University as chairman. 

A copy of the Rules and Conditions 
may be obtained by writing The James F. 
Lincoln Are Welding Foundation, Cleve- 
land 1, Ohio. 


Weldaloy Products Retains 
Tebben Co. 


The Weldaloy Products Co. of Cleve- 
land, Ohio, are retaining The John D 
Tebben Co., Detroit, Mich., as sales con- 
sultants for the Weldaloy line of resist- 
ance-welding products. 

James O'Grady, President of Weldaloy, 
in making the announcement stated, “We 
think we can do a more thorough job of 
coverage and meet the specific needs ot 
users of resistance welding in industry.” 

Mr. Tebben, who is a former Vice- 
President of the American WELDING tories throughout the country, 

Society and past chairman of the Detroit The Weldaloy Co., has shown a consist- 
and Indiana Sections, will handl> the ently steady growth since their formation a 
The Company maintains 


John D. Tebben 


assignment himself few years ago 

The Company is rounding out its line their own laboratories and specializes in 
generally, adding several new products and metallurgical research. This department 
is revitalizing their sales program by is under the direction of Robert “Bob” 
adding representatives in specific terri- Shroder a nationally recognized expert in 


Dockson's 
No. 1250 
Turretype 
Arc Welding 
Helmet 
shown here. 


this field. For many years he was associ- 
ated with Dr. William Hess at the Rens- 
selaer Institute. 


Blueweld Represents Reed 
Engineering Co. 


Reed Engineering Co., of Carthage, 
Mo., announce the appointment of Blue- 
weld, Inc., Milwaukee 4, Wis., as repre- 
sentative in the Wisconsin and Min- 
nesota aren for the Reed line of turning 
rolls and welding jigs for use with auto- 
matic welding. 

Blueweld, Inc., was organized to serve 
welderies with technical assistance in the 
application of all electric-welding proc- 
esses. The company was started in 1947 
by its president, Fred C. Archer, who pre- 
viously served Lincoln Electric Co. for 15 
yr. as District Manager and Welding 
Engineer 


Resistance Welding Institute 
Moves Headquarters 


Headquarters of the Resistance Welding 
Institute have been moved to the Hartman 
Bldg., Warren Rd. at Detroit Ave., in 
Cleveland, it was announced recently by 
Lee H. Judge, Director. 

The Institute is an educational organi- 
zation established earlier this year by the 
Resistance Welder Mfrs Assn. to serve 
as a clearing house for information on the 
resistance welding processes. 


ACROSS 


The wolf look 
Sailor 

The fun in football 
Hot-dip metal 
Skill 

A soft answer 


12 DOWN* is the answer 


*OAKITE provides the right solution for every * 
metal-cleaning process: 


Cleaning in tanks Pickling 


WELDING & Clesning in machines Burnishing 


SAFETY EQUIPMENT 


Steam-gun cleaning Rust prevention 


You get service-plus from DOCKSON “Bet- For advisory service on jobs that are giv- 
ter Built” Welding and Safety Equipment. FREE ing you trouble, write to Oakite Products, 
Selected materials, experienced engineer- Inc., 18E Thames St., New York 6, N. Y. 

ing and practical construction give you the 
BEST PERFORMANCE and MODERATE COST. 


There is a DOCKSON distributor near you. \ 
Nome on request. woe 


Write for catalog of complete Welding 
and Safety line. INDUSTRIAL CLEANING MATERIALS - METHODS - SERVICE 


Technical Service Represent L 
atives Located in 
P 9 Waba D troit M Principal Cines of United States and Canada 
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about ECONOM V-IN- PRODU 


Everybody is talkigz about economy-in-production. It's 
the keynote of the Metal Show to be held in Cleveland, 
October 17 to 21. But what counts most is doing something 
t about it. In some cases, of course, that’s not always so easy. 
There are, however, hundreds of fabricating operations 
where economy could be quickly effected by using methods 
EASY-FLO brazing this which can be readily adopted. 


motorcycle handlebar _in- 


os wena it saved One such method that offers quick results is EASY-FLO 
se y—a saving ‘ 

that grows big when you and SIL-FOS low-temperature silver alloy brazing. \t has 
multiply it by thousands of 

assemblies. boosted production and cut costs on thousands of products. 


Illustrated are a few typical tried and proved ways to 


Finishing is another operation on which 
thee bar EASY-FLO and SIL-FOS brazing can save 
to a built-up assembly brazed . plenty. The maker of the I ASY “FLO brazed 
with EASY-FLO. The triple- bike frame (above) says—“This method 
sprocket above snd hose produces joints of great strength which‘are 
cassie adjuctiag pert st Plenty can be saved on absolutely clean —free from excess brazing 
right are good examples many parts now cast, by metal—making possible a better looking 
changing to EASY-FLO enamel finish 

Attaching spuds to many or SIL-FOS brazed con 

types of equipment can be struction. The gas 

done faster and cheaper burner (above), once an 

with EASY-FLO and SIL- iron casting, is now made 

FOS brazing. Using EASY- of tubular 

FLO and induction heating, steel members 

instead of soft soldering by EASY-FLO 

hand, reduced cost on the brazed at 

automobile oil pan spud about 50% 

(left) from $11.00 to $4.50 — lower cost. 

per hundred. 

DO THIS - Now 

Write today for Bulletins 12-A and 15. They'll 

give you full EASY-FLO and SIL-FOS details. To 

get down to brass tacks in a hurry, ask to have a 

representative call. No obligation. 


H AN D Y & HARMAN 


82 FULTON ST., NEW YORK 7, N. Y. 


Bridgeport, Conn. Chicago, tl. Los Angeles, Col. Providence, t. Torento, Caneda 


Agents in Principal Cities 


Ocrorner 
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BRAZE awn Save with EASY-FLO ano SUL-FOS 


Tip “pickup” in spot-welding aluminum and ex- 
pulsien in projection welding is reduced with this 
new Slope Control developed at General Electric. 
It is a method of applying current in gradually 
increasing intensity that results in longer operation 
of electrodes without the frequent cleaning usually 
required, 

Here, again, is evidence of the research continu- 
ally conducted at General Electric to improve 
welding methods—to make the production of 
improved products easier and less expensive. Here 
are the answers to the questions we knew you'd 
ask about Slope Control. 

Q. What is Slope Control? 

A. it is s ppl tary equip t used with a 
standard synchronous or non-synchronous preci- 
sion control panel that regulates the rate at which 
current rises to welding value, and is adjustable 
in terms of cycles to reach final current. 

Q. What effect does this have on the finished weld, 
and is it slower? 


A. Our tests have shown that there is less tend- 
ency for porosity, which means stronger welds, 
and that it does not appreciably slow the work. 
See the cross sections of welds made with Slope 
Control. 

Q. Can I use it on my present G-E electronically con- 
trolled welder? 

A. Yes. It is a separate panel that can be easily 
added to most modern G-E controls. 


Q. With what types of welders and metals can it 
be used? 


A. Use it for spot-welding aluminum (see the 
illustration), for projection welding aluminum or 
steel (it reduces expulsion), and for multiple pro- 
jection welding, where you'll find improved re- 
sults on non-uniform projections. It may be used 
with almost any metal, but aluminum and its 
alloys present a tough problem it can solve. 


More details on G-E slope control in Bulletin 
GEC-534. Fill in and send in the coupon now. And 
when you have control problems for resistance 
welders, consult the nearest G-E sales engineer. 
He'll give you an unbiased answer ied upon 

ears of G-E experience with all types of welding. 
hether it’s a power factor problem, or the selec- 
tion of the most suitable control for a specific job, 
you can be sure of your facts when they come from 
General Electric. Apparatus Dept., General Electric 
Company, Schenectady 5, N. Y. 


Cross ti of alumi spot welds pro- 
duced with slope control (a microphotograph) 
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General Electric Co., See. H645-50 
Schenectady 5, N. Y. 


Please send me Bulletin GEC-534 on Slope Control. 


1 would like c showing of ‘This is Resistance Welding.“’ 


ADDRESS 
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FLOW COMPRILSSOR MOVES 


070,000 FEET 


4-BY 4 FOOT SUPERSONIC PRESSURE TUNNEL 


Fig. 2. Most important single element of the huge \.1. 

€.A. ngley Aeronautical Laboratory supersonic tunnel 

is this 870,000 cfm. axial flow compressor, designed and 
constructed largely by welding 


Fig. 1 Artist’s sketch showing cutaway section views of 

4- by 4-ft. supersonic pressure tunnel at the N.A.C.A. 

Langley Aeronautical Laboratory for studying problems 
of flight at speeds faster than sound 


Giant Wind Tunnel 


First disclosure of operating details on 
the fastest of three giant tunnel installa- 
tions for studying supersonic flight was 
made recently by the National Advisory 
Committee for Aeronautics and the 
\llis-Chalmers Mfg. Co. The 4- by 
i-ft. tunnel has been in preliminary opera- 
tion at Langley Aeronautical Laboratory 
in Virginia for the past year. 

The new facility at the Langley Labora- 
tory has design characteristics making it 


specially suited for the study of certain 
aspects of the over-all study of flight at 
speeds faster than sound. N.A.C.A. 
supersonic tunnels at the Ames Aeronau- 
tical Laboratory at Moffett Field, Calif., 
and at the Lewis Propulsion Laboratory 
at Cleveland, Ohio, are probing still other 
phases of the problem that is more impor- 
tant to aviation of tomorrow. 

The Langley Tunnel permits the use ot 
test models large enough for installation 
of extensive instrumentation, A 32-in. 
span model of a complete supersonic air- 


plane now under investigation is fitted with 
movable controls and more than 300 pres- 
sure orifices. 

Current providing detailed 
information on viscous and interference 
effects, which were unobtainable in the 
smaller supersonic tunnels. Among other 
problems being investigated in the new 
tunnel at Langley is the phenomenon of 
shock-wave detachment at the leading 
edge of supersonic wings. 

A key element of the new research unit 
is a specially designed axial compressor 


tests are 


CHAMPION “RAILEND’ ELECTRODES 


Fill the need fora Heavy Coated 
Electrode Specially Designed 
for Welding Battered RAIL ENDS 


HIS ELECTRODE 1s outstanding in its class 


in that it produces dense, solid, smooth weld 
deposits which require @ minimum amount of 
grinding to finish Burn-of rote of “RAILEND* 
ss very high which gives a maximum omount 


Iustration 
shows smooth 
deposit and 
excellent 
penetration 
into the rail 


AVERAGE 
HARDNESS 


BHN 
Non-preheat 314 
400° preheat 3093 


of deposit per man hour Spotter is extremely 


“RAILEND” low and the protective slag is easily removed 
is available This electrode is operable on both DC reverse 

polarity and on AC. it may be applied on rail 
in the range of outdoor temperatures of from 
0° F upword, or on rail preheated to 300 to 
600° F. Preheating will insure uniform hardness 
of the deposited metal and guarantee crack 


CURRENT RANGE 
ames 
110-125 
150-165 
230-260 


meters to 
meet all 
applications 
The deposi 
tion of thin 
stringer 
beads is 
recommend 
ed for best 
results 


22-26 
24-26 
28-32 
tree welds 

Penetration into the rail is excellent and a sound 


bond between roll ond weld deposit is obtained New Welding Cost Calculator Available 


50¢ Each. Saves Time Send for yours 


AMPIO 


RIVET COMPANY 
CLEVELAND, OGHIO EAST CHICAGO, IND, 
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with one of these 9 HAYNES hard-facing alloys 


Protect metal parts from wear the economical way—by hard- 
facing them with a Haynes alloy. These brief descriptions will 
help you select the right one for your wear problem. 


HAYNES STELLITE Cobalt-Base Alloys 
HAYNES hard - facing alloys are easy to Haynes Srecoire Alloy Grade 1: The hardest of the cobalt-base 


alloys recommended for coating surfaces subjected to extreme 


apply by all welding methods: abrasive wear and slight impact. It is especially useful for 


resisting heat or corrosion combined with abrasion. 


Haynes Steccite Alloy Grade 6: The toughest and strongest of 
the cobalt-base alloys. Recommended for coating surfaces sub- 
jected to mechanical or thermal shock. Produces sound deposits 
that will not check or crack. 


Haynes Srecorre Alloy Grade 12: A hard, wear-resistant alloy 
that is tough enough to withstand shock and impact. Recom- 
mended for coating large areas where deposits free from checks 
or cracks are required. 


OXY-ACETYLENE 


Smooth sound deposits 


can be made by both HAYNES Iron-Base Alloys 


manual and automatic 
methods with HAYNES Haynes Alloy 90: Highly wear-resistant. Resists oxidation and 


bare rods. retains much of its original hardness at temperatures up to 
1,000 deg. F. Withstands moderate impact. 


Haynes Alloy 92: A moderately low melting point rod. Use it on 
thin sections where low-temperature deposition is necessary to 
prevent distortion and on large parts when preheating is difficult 
or impossible. Deposits have a hardness of Rockwell C 65. 


Haynes Alloy 93: Gives excellent service where high cold-hard- 
ness is necessary. It is suitable for applications involving abrasion 


METALLIC ARC from sand, gravel, mill scale, or other hard particles. 


Flux-coated rods, avail- Hascrome Rod: A work-hardening rod, recommended for use 

able in practically all under conditions of severe impact. It is widely used for hard- 

ee oe facing rock and earth handling equipment parts. Recommended 
for electric application to manganese steel. 


HAYNES Tungsten-Base Alloys 


HaystTecoire Cast Tungsten Carbide: The hardest of all Haynes 
hard-facing alloys, used where utmost resistance to abrasion 
is required. Typical applications include oil-well drilling tools, 
ditcher teeth, and coal undercutter bits. 


“HELIARC” WELDING HAYNES Nickel-Base Alloys 


This new process provides Hastertoy Alloy C: Recommended for building up wearing 
another fast method for surfaces of hot-working steel mill parts such as hot shear 


iti HAYNES bare 
ay ng blades, entry guides, and shafts. 


Haynes Stellite Company 


Unit of Union Carbide and Carbon Corporation 


UCC) 


General Offices and Works, Kokomo, Indiana 
Sales Offices 
Chicago — Cleveland — Detroit — Houston 
The trade-marks, “Haynes,” “Haynes Stellite,” “Hascrome,” “Haystellite,” Los Angeles — New York — San Francisco — Tulsa 
‘Hastelloy,” and “Heliarc” distinguish products of Union Carbide and 
Carbon Corporation and its Units. 
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HERE IT IS! 


now available for 


INDUSTRIAL 
RADIOGRAPHY 


High Specific Activity 
Small Source Size 


Fig.5 Disk is welded to stub end of axial compressor rotor 
—one of several special welding operations required in 
constructing the unique compressor unit for the N. 1.0.4. 


FAST-PRACTICAL- ECONOMICAL 


Less costly than radium, Cobalt 60 
is ideal where short exposure time 
and small focal spot are desirable, 
in the radiographic inspection of: 


HEAVY METAL CASTINGS 
WELDMENTS - PIPES - ETC. 


Radium and Accessory 


Equipment for Industry 


For turther information, write to Dept. D., 


ELDORADO MINING & it ig.6  tfter the second and sixth disks had been welded in 
Fl DORA 0g gon supporting bars used to maintain proper alignment 
BINING. 7 with the bearings of the keating unit were removed, and 
REFINING { 194 I} LTD. stub ends and center disks of the supersonic tunnel com- 
pressor rotor were strapped together preparatory to mak- 

P.O. Box 379 — Ottawa, Canada ing final circumferential welds on the big spindle 
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KEEP YOUR WELDING CO$T$ 
under your thumb,/ 


WELDING CABLE CYLINDER TRUCK 


j TORCHES 
PACKAGED WELDING ROD Anc.weinen 


use this single Source Of Supply 
to save yourself TIME and MONEY 


@ You keep your welding costs "in line” when you use BURDOX equipment 
because only BURDOX gives you these 3 savings; (1) BURDOX quality welding 
equipment at lowest possible prices, (2) Better production at lower costs through 
the latest improvements, (3) Combined savings in time, record-keeping and 
delivery by securing from one source an engineered line of products to meet all 
your needs. You'll be surprised how quickly these savings will turn costs into 
profits. BURDOX products are handled by leading welding distributors...so on 
your next order start saving by calling for BURDOX. The new 68 page BURDOX 
Catalog...free to you. ..is the first step to lower welding costs ...write for it today! 


THE BURDETT OXYGEN COMPANY 
3333 Lakeside Avenue, Cleveland 14, Ohio 


Please send free copy of new 68-page catalog. 
FIRM 

NAME 

ADDRESS 

city 
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PRE-WELDING 
TREATMENT FOR ALUMINUM 


using Diversey No. 36 cleaner 
and Diversey No. 514 deoxidizer 


. PRODUCES LOW-UNIFORM SURFACE RESISTANCE 
. . IMPROVES QUALITY OF WELDS 
. . INCREASES QUANTITY OF SPOT WELDS BEFORE TIP CLEANING 
.. PROLONGS LIFE OF ELECTRODE TIPS 
. ELIMINATES TEDIOUS, EXPENSIVE MECHANICAL CLEANING 


Yes, if you are looking for higher quality, 
increased production and lower costs with 
your aluminum alloy spot welding opera- 
tion, investigate the Diversey Pre-Welding 
Treatment today! 

Used by leading aircraft companies, case 
histories reveal that, by employing Diversey 
No. 36 to remove identification mark- 
ings, grease, dirt; and by using Diversey 
No. 514 to remove oxide and heat scale, 
spot weld output increased up to 50%' 
Further, plants report an increase up to 
4,000% in the number of spot welds now 
made before the electrode tips require re- 
dressing! 

The Diversey Pre-Welding Treatment 
for Aluminum is easy, efficient, practical, 
and surprisingly economical to use! Mail 
the handy coupon today for complete in- 
formation! 


EASY AS A-B-C! 


The cleaning efficiency of Diversey No. 36 is 
dramatically shown here! Before and after 
photos prove that Diversey No. 36 removes 
marking inks from aluminum surfaces easy as 
A-B-C! 


THE DIVERSEY CORPORATION 


Metal Industries Department 
53 W. Jackson Bivd., Chicago 4, Ill. 


* TRADE MARK REG 


MAIL THIS COUPON TODAY 


THE DIVERSEY CORPORATION 
Metal Industries Deportment 
53 W. Jackson Blvd., Chicago 4, Ill. 


Gentlemen: 
Please send me complete information on the Diversey Pre- 
Welding Treatment for Alumi 


Nome___ Title 
Company 
Address 


City 


DM-8 
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Fig. 3° Bladed welded rotor of the compressor weighs 

about 65 tons. Blades are 6 in. wide, from 9% to in. long. 

Tip ends of the rotor blades travel at a speed of about 560 
mph. when the unit is running at maximum speed 


Fig. 4 Welding of the disk to make up the compressor 
rotor required a special heated and insulated housing to 
control temperature of parts. The heating unit provided 


for the continuous rotation of the rotor during heating, 


welding and final cooling: openings on the top, adequately 

protected from rising heat, for the actual welding; open- 

ings on the back for peening the weld and on the front for 

temperature and alignment checks during the welding. 

1 special transit was used to check the relative position of 

grooves cut in the rings being welded together to check 
the alignment of the disks during the welding 


which generates a flow up to 870,000 cu. 

ft. of air a minute and is believed to be the 

most efficient device ever built for the 

movement of air, It was designed and 

construeted by Allis-Chalmers in con- 

junction with N.A.C.A. Langley engineers page 
The seven-stage, 11-it. diameter, 1137- 101? 

blade tunnel 

pressures from 0.25 to 2.5 times atmos- 

pherie pressure and requires up to 60,000 

hp. to drive it. It circulates air through 


Continued 


compressor operates at 
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a new edition 


elding 
Metallurgy 


date, Mr. G. E. Linnert 


revision so that the new 
edition has 505 pages 


lirst edition. Many new 


to 203. 


added to cover the new 


of the stainless steels. 


study as well. 


First published in 1910, 
this book has had several 
printings and has been 
distributed all over the 
world. To bring up to 


has prepared an extensive 


150 pages more than the 


illustrations have been 
added to bring the total 


Material has been 


processes such as inert gas 
metal-are welding; mate- 
rial has been added to 
provide greater coverage 


A list of books is given 
at the end of each chapter 
for those especially in- 
terested in the subject 
covered by that chapter. 
Questions for school use 


are grouped together at 
the end of the book; they 
can be used for home 


$2.50 per copy. Order 
through American Weld- 
ing Society, 33 West 39 
Street, New York 18, 
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Ampeo -Trode 10 Saved this Costly Cast-iron 
Gear-Box from the Scrap Heap 


Ampco-Trode 10 produces dense, ductile welds in cast 
iron with a well-brazed bond and low base-metal dilution. 
Ampco-Trode’s ability to weld cast-iron saved the cost 
of an expensive replacement 
when this complicated cast- 
iron gear-box broke into two 
pieces. Low-cost weld repair 
with Ampco-Trode 10 put it 
back in shape for extra years 
of service. (Report from 
Montreal Welding Co., Mon- 
treal, Canada.) 


sa Ampco-Trode 300 Overlays Outlast Chrome Plate 
' 4 to 1 on Draw Punches and Rings 


Draw dies fabricated and/or rebuilt with 
Ampco-Trode 300 last 4 times as long! 
This more than offsets the lower initial 
cost of chrome plating. In addition, press- 
room efficiency gains nearly 15% by elimi- 
nating down-time formerly required to 
hone and polish dies in the middle of pro- 
duction runs! (Report from Industrial 
Stamping and Mfg. Co., Detroit, Mich.) 


Phos -Trode Overlays Save nearly $4000 on a | 
Single Turbine Repair Job 


\ 

More than 20 years of cavitation and pitting 
Say had nearly destroyed the vanes and buckets 
on these 4-ton runners of a water turbine. 
Replacement would have cost more than $6000 
— and there was a chance the original patterns 
were no longer available. The unit was com- 
pletely rebuilt with Phos-Trode — restored to 
original contour — for 20th the cost 
of a replacement unit! (Report from 
Montana Power Co., Great Falls, 
Montana.) 


You can make similar savings! 
Be ready to save in your plant with Ampco-welding. Keep a 
| 1 all times. Call your nearby 


Milwaukee 4, Wis. 
West of the Rockies it's the supply of Ampco Electrodes on har 


ndations today! 


Ampco Burbank Plant 
Burbank, Calif 


Ampco Distributor for his rec 


TEAR OUT THIS COUPON AND MAIL TODAY! 


W-107 
See eee SS SS SSS 
AMPCO METAL, INC. Dept. WJ-10. Milwaukee 4, Wisconsin 


Send complete information on Ampco-Trode, 
Phos-Trode, and other Ampco arc-welding electrodes. 


Company............ 


the test section of the tunnel at velocities 


CAN YOU HEAT A HIGH PRESSURE, , ranging from 1.2 to 2.2 times the speed of 


sound, 


WELDED PIPE JOINT TO 1700° i 30 Tremendous size of the tunnel compres- 

’ sor--it is 11 times larger in volume of air 

2 FEET UP IN THE AIR? handled than the largest standard commer- 
cial compressor built to date-—-can be 

imagined from its total weight of 140 


The Smith Dolan System can EASILY — t=. Total weight of the blading is 


about 10 tons, the separately forged steel 


H H blades measuri > in. wide and from ¢ 
handle this problem of Preheating Stress measuring 6 in 


to 14 in. in length. 


vil, wes and Normalizing to 1700° about 65 tons. 


Tip ends of the rotor blades are approxi- 
on Carbon and Stainless Steels! mately 11 ft. in diameter and travel at a 
speed of around 560 mph. when the unit is 
running at maximum speed. The 12! /.- 
ft. diameter compressor cylinder, which 
is an integral part of the wind tunnel, is 
split in halves. Each half is mounted 
on rails so it can be unbolted and moved 
back to facilitate internal inspection of the 
compressor. 

Unusual size of the compressor rotor 
called for construction of seven forged 
steel disks and two forged steel shaft ends 
welded together. This was accomplished 
SAFE TO USE Smith Dolan Heating Apparatus is so sim in a special heating unit with an insulated 

to handle that it can be operated by job housing. The need for very accurate 
EASILY APPLIED personnel. Because it delivers consistently final balancing of the finished rotor 


ASSURED RESULTS required close machining of disks and 


THOROUGH It is no problem to achieve thorough heat- 
PENETRATION ing of heavy sections with precise control 


Boiler down-comer partially wrapped for stress relieving. 


shaft ends prior to welding and the pre- 
vention of warping during the welding 
operation. 

Operating velocities in the tunnel’s test 
section can be varied by adjusting the 
MEETS METAL flexible 25-ft.-long walls of a nozzk 

A Proper heating is delivered according to ahead of the test section. By means of 
LURGICAL & CODE set specifications and requirements of gates, the test section can be isolated to 


permit model changes without returning 


REQUIREMENTS Boiler and Piping codes. 
the entire tunnel to atmospheric pressure 
Smith Dolan Induction Heating Apparatus Drying and cooling equipment in the 


LABORATORY is designed and engineered with automatic tunnel reduces moisture content of the air 
CONTROL UNDER or semi-automatic controls. Therefore, you to as low as one part of water in 10,000 
obtain accurate, consistent results under parts of air and stagnation temperature 
FIELD CONDITIONS record from 250 to about 110° 
v le. 


NEW MODEL U-P — Patented Smith- Letter to the Editor 
Dolan System, portable, low frequency in- 
duction heater, three-high stack (shown) 30 August 18, 1949 
kva—10 kva per unit. Buy one or stack 2 or 
3 for increased capacity. Buy what you need To the Editor of Tur Wetpine JourNnar 
—build as you go. Sir: 
. _ I wish to take exception to an erroneous 
INDUCTION { statement appearing in a press release on 
page 674 of the July Weioinec JouRNAL 
CONTROL CABINET | It is claimed there that a certain electrode 
used with Model U-P units (shown! ] (identified on p. 684 of the same issue as 
and Model GC Duplex 120 or 150 kva } | the G. E. Type W-1502 stainless elec- 
— heaters (shown in cata- trode) complies with “A.S.T.M.-A.W.S. 
og. | Spee. No. B-502,” and yet the weld meta! 
is claimed to contain 7.73% Cr. 
It is inconceivable to me that an elee- 
trode which deposits 7.73% Cr at 600 to 
ELECTRIC ARC an supply equipment for ANY TYPE OF JOB— #00” F. in. weld in 1.53% Cr pipe would 
equipment that can be purchased outright or rented. From what other deposit the required 4.0 to 6.0% Cr at 300 
source could you possibly obtain such wide latitude in planning for ob « 
every job in preheating and stress relieving before welding and normal- = 
izing? Today, more than ever, Electric Arc equipment is specified where a in compliance with the AWS poo 
other methods are too costly or impractical. Write for informative fication. a 
catalog. To my knowledge this error has been 
neither corrected nor commented upon 
by the manufacturer, although the re- 
ELECTRIC-ARC, INC. 28 lease in question appeared in other pub- 
7 lications as long ago as Apr. 11, L949 
161 JELLIFF AVE., NEWARK 8, N. J. (Signed) Hallock C Campbell 
Welding Equipment, Electrodes & Supplies Associate Member, American WeLpino 


Socrery. 
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Selenium Rectifier D-C Welder 


SAVES POWER...OPERATORS LIKE ITS QUIETNESS 


New D-C Welder replaces motor-generator set with Selenium 


Rectifier! Lighter ...quieter...smaller...more efficient... higher 


power factor...less no-load losses. Available in 200, 300 and 


als 
400-am pere ratings.°* 


™ SEE it... USE it ot 
The National Metals Show 
Cleveland, Ohio... Oct. 17 
Booth No. 2026 


+Yvestingnous 
Se 


Zine Coated Steels 


\ new, illustrated 12-page booklet, 
“Fabricating and Finishing of Armeo 
Zinegrip-Paintgrip,” describes reeom- 
mended methods for forming, joining and 
painting this special zine-coated and 
bonderized sheet steel. 

Helpful suggestions for shop men are 
given in sections on storage, forming and 
drawing; welding and soldering; and 
cleaning and painting. To prevent surface 
damage and to maintain the paint-holding 
qualities of tae speciai bonderized zinc 
coating, precautions and recommendations 
for welding and cleaning are discussed in 
detail. A description of the material and 
of paint-holding tests conducted by the 
National Bureau of Standards and Bell 
Telephone Co. laboratories are also in- 
eluded. 

Since this zine-coated steel can be 
formed and drawn like mild steel (the 
special coating does not peel or flake), 
most of the material in the booklet is 
limited to specific information on welding, 
cleaning and painting which will help 
operating departments do a good fab- 
ricating job. 


Ampco News 


The August issue of the Ampeo Welding 
Vews is now available upon request. One 
article explains how $4800 was saved by 
repairing a turbine runner with Ampco- 
Trode electrodes. 

Another tells the methods employed in 
salvaging «a large cast-iron gear housing 
with Ampeo-Trode. Many other inter- 
esting case histories are included in this 
issue. Write Ampco Metal, Inc., Dept., 
WN, Milwaukee 15, Wis. 


Welding and Cutting Manual 


Published by The Linde Air Products 
Co., a Unit of Union Carbide and Carbon 
Corp., 30 bk. 42nd St., New York, N. Y., 
this manual consists of 208 pages, is 6 x 9 
in. and costs $1.80, 

This new handbook on the oxyacetylene 
process should be useful as a reference and 
instruction book for anyone who does 
welding and cutting. The style is simple 
and easy to read and instructions are 
given in step-by-step photographs of 
actual repair jobs, 

While the book is written especially for 
the repairman, farmer, garage mechanic 
and maintenance man there are hints, 
short cuts and instruction material which 
will help any welding operator do a better 
job. For example, Chapter 10 shows 
over 100 time- and labor-saving things to 
make. There are detailed plans for making 
machinery guards, trailers, shop and 
kitchen stools, benches, tools and picnic 
grills. 
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Other chapters give short cuts and in- 
structions for bronze welding: fusion 
welding; soldering; hard facing; cutting 
steel and cast iron: heating, forming and 
straightening metals; welding and cut- 
ting pipe; and welding nonferrous metals. 

The appendix contains useful charts and 
tables, a complete glossary of welding 
terms, and a list of 100 repair jobs with 
recommended welding methods. 


Regulators 


Air Reduction, manufacturer of indus- 
trial gases and welding equipment, has 
announced the availability of a 32-page 
catalog covering its complete line of pres- 
sure regulators. This catalog is the third 
in a projected series of ten 

The catalog includes regulators for 
welding, cutting and special flame proc- 
esses, for administering anesthetic gases, 
for maintaining gaseous pressures in 
electrical equipment and other operations 
where controlled gas pressure is required. 

The catalog illustrates 26 regulators and 
describes over 100. There is a section 
covering regulator adapters and pressure 
gages. Also, 3 pages are devoted to flow 
and pressure charts. 

For a free copy of this catalog, write the 
Airco sales office nearest you, or Air 
Reduction, 60 E. 42nd St., New York 17, 
N.Y 


Three Keys to Satisfaction 


This is the title of a handsome brochure 
of 68 pages published by the Climax 
Molybdenum Co., 500 Fifth Ave., New 
York 18, N. Y., stressing the importance 
of design on the performance of any part. 
The subject matter is divided into three 
parts—design, steel and its treatment. 
The title indicates that all three factors 
have to be in good shape to result in 
satisfaction to the user. Copy available 
on request. 


Lukenomics 


An original, humorous and instructive 
pamphlet of 30 pages has been issued by 
the Lukens Steel Co., 503 Lukens Bldg., 
Coatesville, Pa., describing the products 
of the company and dealing especially 
with steel plates, clad steels, heads, plate 
shapes, welded components and com- 
pleted machine. Copy of this booklet 
available on request. 


Welded Steel Penstocks 


The U. 8. Department of the Interior 
has issued Engineering Monograph No. 3, 
“Welded Steel Penstocks—Design and 
Construction,” by P. J. Bier of the Me- 
chanical Engineering Division, Branch of 
Design and Construction. 


New Literature 


This monograph presents information 
concerning modern design and construc- 
tion methods for pressure vessels applied 
to penstocks for hydroelectric power 
plants. The data are based on some 20 
yr. experience in penstock construction by 
the Bureau of Reclamation, during which 
period some of the largest penstocks in 
service today were designed and con- 
structed, 

The Engineering Monograph series was 
inaugurated to record developments, in- 
novations and progress in the engineering 
and scientific techniques and practices 
employed by the Bureau of Reclamation in 
planning, designing, constructing and 
operating its structures and equipment. 

Copy may be obtained from Bureau of 
Reclamation, United States Department 
of the Interior, Denver, Colo., at 25¢ per 
copy. 


Hose 


A new catalog section on its lines of 
welding hose has been published by The 
B. F. Goodrich Co., Akron, Ohio, and is 
now available upon request. The section 
illustrates and gives data on the company’s 
Oxy-Acetylene and Duo-Weld hose as 
well as describing their construction 


Colmonoy Sprayweld Catalog 


The Wall Colmonoy Corp. has pub- 
lished a new catalog describing the 
Colmonoy Spraywelder and Sprayweld 
Process. This 4-page booklet describes 
the Colmonoy Spraywelder, a powder 
metallizing gun, and the spraying of 
powdered Colmonoy No. 6, No. 5 and No 
4 alloys as well as other powdered metals, 
such as brass, copper, zine, ete. It is 
pointed out that the Spraywelder can be 
used for metallizing as well as for the 
regular Colmonoy Process which combines 
both welding and metallizing. Several! of 
the hard facing applications which have 
proved most adaptable to Spraywelding 
are also included. Numerous  photo- 
graphs illustrate the Spraywelder, the 
Sprayweld Process and a few applica- 
tions. Wall Coimonoy Corp., 19345 John 
R St., Detroit 3, Mich. 


Allis-Chalmers Motors 


Latest construction features of Allis- 
Chalmers large direct-current 
used in many industries especially those 
having applications requiring wide speed 
variation and fine speed control, are dis- 
cussed in a new 40-page bulletin released 
by the company. 

Included is a comprehensive deseription 
of “Frog-Leg”’ armature windings, 4 com- 
bination wave and lap winding that gives 
good commutation without 
nectors, and views of the new style mill- 
type spherical seated thrust bearing with 
welded-steel pedestal for heavy service 

Copies of ‘Allis-Chalmers Large Direct- 
Current Motors and Control for Heavy 
Duty Drives,”’ 05B6002A, are available 
upon request from Allis-Chalmers Mfg 
Co., 8. 70th St., Milwaukee, Wis. 


motors, 


cross-con- 


Sight Conservation 


A new brochure describing sight con- 
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says Jim Bengough 


WELDING A CREAM SEPARATOR WHEEL. 
With Ni-Rod electrodes, no preheat- 
ing was nécessary, so distortion was 
kept to a minimum. The wheel hub 
was welded, and broken gear teeth 
were built up. 


FILING WELDED GEAR TEETH. After build- 
ing up broken gear teeth with Ni-Rod, 
only hand filing was required to put 
the wheel into usable condition. 


HAY PRESS BULL PINION SAVED BY NI-ROD. 
A broken section was built up with 
Ni-Rod and ground to shape after 
welding. 
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Experienced welders 
—like Jim Bengough of 
Hensall, Ontario — recommend Ni- 
Rod for welding cast iron because 
Ni-Rod is both dependable and easy 


to use. 


Serious breakdowns in farm ma- 
chinery often call for welding cast 
iron parts... frames, broken gear 
teeth, wheel spokes, hitch links. With 
Ni-Rod* on hand, you can get laid- 
up machines back on the job sooner, 
even if you are not an expert welder. 

Ni-Rod gives a stable arc in any 
position on either AC or DC. Pre- 


67 Wall Street, New York 5, N. Y. 


NI-ROD REPAIRS BROKEN PUMP 
JACK. Ni-Rod’s ease of han- 
dling simplifies welding in 
awkward positions and hard- 
to-reach locations. 


Photographs show actual 
jobs in progress at 
JIM’S MACHINE SHOP 
Hensall, Ontario, Canada 


EMBLEM OF SERVICE 


TRACE MARK 


THE INTERNATIONAL NICKEL COMPANY, INC. 


“I've been welding for 20 years and never 
thought it possible to get an electrode to 
work as well on cast iron as Ni-Rod does.” 


heating and post heating are seldom 
necessary. And Ni-Rod gives you 
welds that are machinable without 
special tools or techniques. Hand 
filing is often all that is needed to 
put a Ni-Rod welded part back in 
service. 

Be ready to make quick, dependa- 
ble repairs by ordering a package of 
Ni-Rod today. Your nearest INCO 
distributor stocks Ni-Rod in 3/32”, 
1/8”, 5 32”, and 3/16” sizes. 

For complete information about 
INCO’s welding materials, send for 


the latest catalog. "Reg. U. 8. Pat. On 


NI-ROD DISTRIBUTORS 


Alloy Metal Sales, Ltd. 
Robert W. Bartram, Ltd. 
Eagle Metals Company 
Metal Goods Corporation 


Company 


Metal & Thermit Corporation 


J. M. Tull Metal & Supply 


Pacific Metals Company, Ltd. 
Steel Sales Corporation 


National Cylinder Gas Company 


Whitehead Metal Products 
Company, Inc, 

Wilkinson Company, Led. 

Williams and Company 


Hollup Corporation 
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servation programs in industry has just 
been published by American Optical Co., 
Southbridge, Mass. Titled “Improved 
Industrial Vision, A Bonus for Manage- 
ment, A Benefit for Employees,” the 
publication features case histories and 
charts demonstrating the cost saving 
values of an industrial safety and visual 
efficiency program. 

The brochure is available upon re- 

quest to American Optical Co.'s Industrial 
Safety and Visual Efficiency Bureau, 
William T. Cameron, director. 
t The program, developed by American 
Optical in cooperation with industry and 
the ophthalmie professions, provides a 
rapid check of vision under the supervi- 
sion of members of the medical or opto- 
metric professions. Industrial employees 
who could benefit by «a complete visual 
examination and correction for maximum 
safety and efficiency are thus located and 
informed of their need. 

Surveys of programs inaugurated in a 
variety of industries were condensed for 
publication by American Optieal Co. 
Large and small plants are represented in 
this report and, aside from the obvious 
humanitarian values of the programs, 
participating industries were in agreement 
that vision conservation is a definite 
method of cutting operating expense 

Prevention of eye accidents is an im- 
portant aspect of the program and, 
through visual improvement, production 
has™been increased in efficiency. Other 
less direet benefits such as improved em- 


Welding 


ployee morale have been noted by those 
adopting the AO program. 


Tool Engineers Handbook 


The Tool Engineers Handbook, American 
Society of Tool Engineers, is a truly monu- 
mental reference volume covering all 
phases of planning, control, design, tooling 
and other operations involved in the 
mechanical processing of finished products. 
Prepared with your specifie needs in mind, 
it brings vou basic factual data colleeted 
from all responsible sources—-the de- 
pendable answers you need in making or 
affecting every variety of tool-engineering 
decision. 

The material included is based, wherever 
possible and practicable, on published 
governmental, associational and indus- 
trial company standards. It is accurate 
and up to date. Right up to publication, 
scores of expert reviewers checked and 
rechecked the definitions, symbols, equa- 
tions, tables, charts, methods, practices 
and procedures that make this handbook 
the most useful reference book in its 
field 

Here are just a few of the Handbook’s 
outstanding features: (1) General topies 
have been split into smaller units for the 
most convenient reference and use. For 
example, instead of lumping all gear- 
manufacturing methods into one section, 
the material appears in six separate see- 
tions and subsections: Gear Milling and 
Hobbing; Gear Shaping: Bevel Gear 


When heavy, unwieldy weldments like these diesel crank cases can be 
quickly swung into any position so that every weld is made downhand 


—thai's efficient welding! 


Weldors spend more time welding—do better welding at lower cost 
when they work with C-F Positioners because these hand or power 
operated machines reduce positioning time to a minimum. Investigate 


the cost-saving advantages of C-F Positioners. 


any company 


They pay their way in 


Write for Bulletin WP24, an illustrated circular detailing the specific 
advantages of C-F Positioners 


Cullen-Friestedt Co., 1323 Kilbourn Ave., Chicago 


CULLEN-FRIESTEDT CO., CHICAGO 23, 


positioned welds 
~ mean better, more 
economical welds 


New Literature 


Manufacture; Gear Finishing; Gear 
Design: Gear Inspection. Thus you can 
instantly find accurate assembled data on 
the single subject with which you are 
concerned. (2) Unquestionably, the most 
complete, compact theory on cutting 
forces and machinability available. (3) 
The subjects of planning, materials, 
machines, design and operations have been 
clearly separated. (4) All new important 
techniques processes have been 
covered, Conventional tables of feeds, 
speeds and cuts have been modernized to 
bring data in line with recent advances in 
today's high-speed and high-power ma- 
chine tools, latest cutting materials and 
cutting practices. (5) Ineludes all estab- 
lished standards and well-settled tentative 
standards such as unified screw threads, 
twist drills single-point tools, ete. 

In addition, the book makes available 
invaluable material drawn from the 
pooled experience of almost 18,000) ALS 
T.E. members. Here are data taken from 
confidential files, including such things as 
sketches of jigs, fixtures, dies and success- 
fully devised small tools. Graphs, draw- 
ings, diagrams and sheets taken from com- 
pany manuals and known to be the most 
advanced in accuracy and method of 
presentation have likewise been incor- 
porated Much of this is material never 
before made publicly available 

Price $15.  MeGraw-Hill Book Co., 
Ine., 330 W. 42nd St.. New York 1S, 
N.Y 


Armco Stainless Steels 


A new 36-page booklet, “Heat Treating 
and Piekling of Armco Stainless Steels,” 
published by Armco Steel Corp., Middle- 
town, Ohio, presents comprehensive and 
up-to-date information on heat treating 
and pickling methods for stainless steels 
Recommended procedures, based on prac- 
tical experience and extensive work in 
Armco’s Research Laboratories, are given 
in detail so that full advantage can be 
taken of the valuable properties of stain 
less steel. 

Subjects discussed in the booklet are 
general practices and equipment for heat 
treating stainless; 
treatments for the chromium-nickel, fer- 
ritie chromium and martensitic chromium 
(hardenable) types of 
surface hardening; pickling (seale 
moval) methods; and heat-treating prob- 
lems and remedies. 


recommended heat 


stainless steel 


Important new material on heat treat- 
ing the stabilized grades, how heat treat- 
ment affects corrosion 
special procedures for heat treating stain- 
less steel forgings are discussed in de- 
tail. 


resistance and 


Extensive use of charts and graphs to 
summarize heat treatments and show the 
effect of variations in heat-treating pro- 
cedure on the mechanical properties of 
stainless steels make this booklet a handy 
reference manual for design and processing 
engineers as well as production depart- 
ments. 

This is the fifth in a series of Armco 
booklets on the fabrication of stainless 


steels 


THe WELDING JOURNAL 


{ 

aq 493 

‘A We 

AR. 

= 


Pecos 


ELECTRODES PAY THEIR WAY... 


TAKE ADVANTAGE OF 
THESE VALUABLE 
ARCOS SERVICES 


1. our long association with stainless fabricators, we 
have learned that their first and last interest in elec- 
trodes is the production of sound weld metal. Arc 
characteristics, ease of slag removal, bead appearance 
are all plus qualities easily evaluated but sound welds 
on every job and from every pound of electrodes is vital 


to the user’s reputation. 


We have further learned, as manufacturers, that stain- 
less electrodes of a quality which will produce sound 
weld metal all the time are achieved only through a 
considerable expenditure of technical skill in testing 
and retesting. Arcos electrodes which do not produce 
trouble-free welds under our strict quality control tests 
are rejected before they reach our warehouse. This 
extensive care to produce trouble-free electrodes is 
reflected in the price of Arcos electrodes. 


Quality Control 


Field Service 


The extensive care in the Arcos processing of electrodes 
costs more than conventional methods used in the 
manufacture of low priced steel electrodes but it pays 
out when it eliminates the costs of chipping and 
rewelding or failure in service. 


The best informed buyers of 
stainless electrodes specify Arcos. 


ELECTRODES + COILED WIRE © BARE ROD 


Technical Information 
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Air Reduction Announces 
Research Department Changes 


Frank J. Aschenbrenner and Karl C. 
Clark have been appointed assistant 
directors of research and engineering, ac- 
cording to an announcement made by Dr 
George V. Slottman, Air Reduction 
director of research and engineering. 

Simultaneously, it was disclosed that the 
technical relations department was trans- 
ferred from research and engineering to the 
secretary's department. John J. Crowe, 
assistant vice-president and manager of 
the technical relations department, will 
report to J. D. Gunther, seeretary 

Mr. Aschenbrenner will be in charge of 
the Air Reduction Murray Hill (New 
Jersey) laboratory. Mr. Clark has been 
placed in charge of the development and 
engineering groups. 

Dr. Slottman’s statement revealed that 
J. K. Hamilton, manager of apparatus 
research division, and Dr. G. B. Car- 
penter, manager of chemical research 
division, will report to Mr. Aschenbrenner. 

F. P. MeKegney, chief engineer, W 
Wilkinson, manager of liquefaction divi- 
sion, and C. J. MeFarlin, manager of 
process engineering division, will report to 
Mr. Clark. The statement also announces 
the appointment of Dr. L. Gilbertson as 
vdministrative manager charge of 
business management, and L. M. von 
Wanckel as executive accountant 

It was also announced that Frederick 
(. Saacke has been appointed safety 
engineer of the Air Reduction organiza- 
tion In addition, he will assist Mr 
(Crowe in technical relations 


R. H. Davies Appointed to 
Baker- Raulang Post 


Robert Davies reeently joined 
Baker-Raulang as manager of engineering, 
in whieh capacity he will have supervision 
of all engineering functions for the com- 
pany. In the past, Mr. Davies was asso- 
ciated with the Loekheed Aireraft Corp. as 
production engineer; Northrop Aireraft, 
Ine 9 where he was in charge of all produe- 
tion and tooling methods for experimental 
ind prototype airplanes helped develop 
the Heliare welding process for magne- 
sium; Henry J. Kaiser Co. as plant engi- 
neer in the building of Kaiser's magnesium 
plant, the alloy plant, the ferrosilicon plant 
ind the magnesium sand-casting foundry , 
ind at Permanente, Calif., where he sub- 
seque ntly 
was in charge of production and = plant 
development, 

Prior to coming to Baker, Mr. Davies 
was with Lincoln Eleetriec Co, for the past 
5'/s vr. and served as their representative 
in Washington., D.C., and as consulting 
engineer in eharge of educational work 
Mr. Davies is a graduate mechanical 
engineer of the University of Minnesota, 


became superintendent and 


LOIS 


Robert H. Davies 


and is an active member of the AMERICAN 
WELDING Socrery 


Dennis Made Sales Manager 


Graver Tank & Mig. Co., Ine., East 
Chieago, Ind., has announced the ap- 
pointment of Harry A. Dennis as man- 
ager of sales of the Weldment Division in 
the Midwestern ares Mr. Dennis was 
formerly with Lukens Steel Co. and their 
By-Products and Lukenweld Divisions a= 
assistant district manager of sales 

Starting in 1939 with the Lukens Com- 


Harry A. Dennis 


Personnel 


pany as a helper in the open hearth, Mr. 
Dennis later became a welding research 
engineer and for several years did welding 
service engineering work. 

Mr. Dennis is a graduate of Pennsyl- 
vania State College with the degree of 
Bachelor of Science in Metallurgy. Heisa 
member of the American Society for 
Metals and the American WELDING 
SOCIETY 


Airco Research Laboratory 
Changes Announced 


The following personnel changes were 
announced recently by F. J. Aschenbren- 
ner, newly appointed Air Reduction as- 
sistant director of research and engineer 
ing. 

J. WK. Hamilton becomes manager of 
apparatus research division with H. O 
Klinke as assistant manager. J. T. Me- 
Knight is appointed superintendent of 
production and services section, and ey J. 
Cholis becomes supervisor of patent sec- 
tion. These men are all on the staff of the 
Air Reduction research laboratory located 
in Murray Hill, N. J. 


Edmonds Made Field Engineer 


P. L. Edmonds, who has been associated 
with Areos Corp. since 1944 in testing and 
field engineering work, has been trans- 
ferred to the New England District Office 
and will be the Areos Field Engineer in 
the Boston, Providence and Worcester 
wreas. Mr. Kdmonds began his work in 
these areas on Sept. 1, 1949, with head- 
quarters in the Statler Building, Rm. 900 
Boston, Mass 


Rosenthal Promoted 


Dr. Daniel Rosenthal, Associated Pro- 
fessor of Engineering, University of Cali- 
fornia, Los Angeles (UCLA) has been re- 
cently promoted to the rank of Professor 
at that university. He joined the staff 
of UCLA in 1946, having previously been 
at M ss where he had been with the 
Department of Metallurgy since 1941 
Before coming to this country he was 
teaching at the University of Brussels, 
Belgium, where he got his degree. Since 
1925 Dr. Rosenthal has been active in 
Varlous fields ot welding research, the 
strength of welded joints, heat flow in 
welding, metallurgy, residual 
stress and more recently the brittleness 


physical 
of welded jolts 

Fitzgibbons Boiler Co.,  Ine., 
Appoints Lange Sales Manager 


Milton O. Lange, formerly Special Sales 
Representative for Joseph T. Ryerson & 
Son, Ine., New York, his been ippointed 
Manager of Plate Product Sales for the 
Fitzgibbons Boiler Co., tol Park 
Ave., New York City 

Mr. Lange will be in charge ef planning 
and sales of special industrial steel-fabri- 
eated products such as condensers, au 
receivers, heat-transfer equipment, ete., 
in accordance with the reeently expanded 
operations of Fitzgibbons in this field 
where a substantial volume of business 
has been carried on for many years 
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Kodak 


A TYPE OF FILM FOR EVERY PROBLEM 


To provide the recording medium best suited to any 
combination of radiographic factors, Kodak pro 
duces four types of industrial x-ray film. They pro- 
vide the means to check welds efficiently and thus 
extend the use of the welding process. 


Type A—has high contrast with time-saving speed for study 
of light alloys at low voltage and for examining heavy 
parts at 1000 kv. Used direet or with lead-foil screens 


Type M—provides maximum radiographic sensitivity, under 
direct exposure or with lead-foil screens. It has extra-fine 
grain and, though speed is less than in Type A, it is ade- 
quate for light alloys at average kilovoltage and for much 
million-volt work 


Type F—provides the highest available speed and contrast 
when exposed with calcium tungstate intensifying screens. 
Has wide latitude with either x-rays or gamma rays, ex- 
posed directly or with lead screens 


Type K—has medium contrast with high speed. Designed 
for gamma ray and x-ray work where highest possible speed 
is needed at available kilovoltage without use of caleium 
tungstate screens. 


Radiography 


. .. another important function of photography 


TYPE M 


product: 


j m 
ch-thick poiler 


Material: 


~ High tensile steel 


kv ray Unit 


KODAK INDUSTRIAL 
X-RAY FILM, TYPE A 


@ To examine such a dense and thick material the 
radiographer takes advantage of Kodak Industrial 
X-ray Film, Type A. For, in order to keep ex- 
posure reasonably short, the high speed of this 
film is essential. At the same time, its high contrast 
and fine graininess enable him to take full advan- 
tage of the ability of the 1000 kv machine to detec! 


weld irregularities. 


RADIOGRAPHY 
IN MODERN INDUSTRY 


A wealth of invaluable data on radio 


RADIOGRAPHY 


graphic principles, practice, and tech 
nies, Profusely illustrated with photo 
graphs, colorful drawings, diagrams. 
and charts. Get vour copy from your 


local x-ray dealer—price, $3. 


EASTMAN KODAK COMPANY 


X-ray Division Rochester 4, N.Y. 


“Kodak” is a trade-mark yf 


Kodalk 


the 
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While with Joseph T. Ryerson & Son, 
Ine., Mr. Lange was responsible for the 
sale and production of numerous fabri- 
cated-steel products used in the construe- 
tion of the George Washington Bridge, the 
Lincoln and Midtown Tunnels, the Eighth 
Avenue Subway and also T.C.C. units at 
the Tidewater Oil Co. and the Catalyst 
Bead plant for the Secony Vacuum Oil 
Co., both in New Jersey. 


Reed Engineering Appoints 
Herrick 


Clayton B. Herrick, former editor of 
the Industry & Welding magazine, has 
appointed Ohio representative of 
the Reed Engineering Co. of Carthage, 
Mo., according to Lloyd Knost, 
(ieneral Manager of the company 

Herrick has just formed the C. B 
Herrick Co. to handle the Reed line of 
power turniag rolls, plate bending rolls 
and automatic welding fixtures 

During the war Herrick served as 
welding supervisor in a shipyard, 
engineer in the Navy Department (Bureau 
of Ships) and as a mennbee of the 70th 
Naval Construction Battalion (Seabees ) 
After the war he became editor of Industry 
& Welding, which position he has recently 


been 


Mr. Herrick first identified himself 
with the welding industry in 1934 when 
he joined the Lincoln Electrie Co. Over 
a period of nine years he served them in 
production, engineering and sales ca- 
pacities. 


OBITUARY 
W. M. Ballantyne 


Will M. H. Ballantyne, Inspection 
Engineer for the Pennsylvania Water & 
Power Co., died on August 29th in Balti- 
more, Md., after an illness of several 
months. Born in Glasgow, Seotland, 
63 years ago, Mr. Ballantyne attended 
Dumfries Academy and the Technical 
College of the same city. 

After a short period of employment with 
Kelvin & James White, Ltd. in Glasgow, 
dan Everett Edgecomb & Co., Ltd., of 
London, he went to Canada in 1910 
and took a position with the Canadian 
General Electric Co., of Toronto. 

Mr. Ballantyne became identified with 
the Pennsylvania Water & Power Co. 
in May 1911 as an electrical inspector at 


operation and in the years that followed 
took an increasingly active part in super- 
vising the installation of equipment as 
additional units were placed in service. 
When the Safe Harbor hydroelectric 
development was started, his duties were 
enlarged to include like responsibilities 
for the Safe Harbor Water Power Corp 
During the early part of World War IT, 
he acted as technical consultant for The 
astern Rolling Mill Co., of Baltimore, 
Md., in connection with the installation 
and operation of equipment for manu- 
facturing munitions, 

Mr. Ballantyne was a member of the 
American Institute of Electrical Engi- 
neers, the AmerIcAN WeLvING Society 
and the Engineers Club of Baltimore 


Frank A. Conrad 


Frank A. Conrad, vice-president of the 
Puget Sound Sheet Metal Works, Seattle, 
Wash., passed away on June 24, 1949, at 
the age of 52. He was an active member of 
the Puget Sound Section of the AMERICAN 
WeLpInG Soctery since its inception and 
was one of the early advocates of welding 
in the Pacific Northwest. His activities in 
this direction will remain as a monument 
to his vision and energy on behalf of weld- 


resigned He has written numerous 
articles on welding and related subjects 
and has compiled a Pocket Manual on 
Are Welding He 


Susquehanna River 


assisted in 


Buy “PROVEN FLUXES” 
Years of GUARANTEED SATISFACTION 
behind these GOOD 


“ANTI-BORAX” FLUXES 


Insist on them — Unequalled Quality 


No.1 Cast lron Welding Flux 
No. 2 Brazing Flux for Brass, Bronze, Steel, etc. 
No. 4 Braz-Cast Flux for Bronze Welding Cast Iron 
No. 5&8 Cast & Sheet Alumimum Fluxes 
No. 9 Stainless Steel Welding Flux 
No. 11 Compound 
No. 16 Silver Solder Paste Flux 


ANTI-BORAX COMPOUND CO., INC. 
Fort Wayne, Ind. 


the Holtwood hydroelectric plant on the ing 


largest hydroelectric plant in this country. 
putting this plant in 


He was a member of the Executive 
Committee of the Puget Sound Section 

Mr. Conrad is survived by his wife, 
and daughter. 


at that time the 
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-WANTED!- 


Welders needing information 
on welding 


11%-14% Manganese-Nickel Steel 
WRITE FOR FREE LITERATURE 


Ask to be put on our MANGANAL MARKETER mailing list. 
ROBERT BRAMLEY 


STULZ-SICKLES CO. 


134 Lafayette St. ° Newark 5, N. J. 


Welders Clothing & Glove 
do have 


ALJAY MANUFACTURING C0.’s unique... 
In-stock . 
Senice Plan / WEVER A LOST SALE 


gives you these 1 TURNOVER 
competitive advantages * ites 


Write for Ceteleg Sheets and 


Price List / ELIMINATIONsIMARKDOWN 


AL SAY 


Specialists in Welders’ Clothing 
1516 CALLOWHILL STREET 
PHILADELPHIA 36, PA. 


REDUCED OVERHEAD 
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Personnel 


SPOT WELDERS 300 KVA. 


AIR A 4OTOR 
OR ELECTR OPERATION, 


also BUTT, ARC, and 
GUN WELDERS 


TRANSFORMERS 


For Furnaces, Lighting, Distribution, Power, Auto 
Phase Changing We ding. an ond Special Jobs 
‘AiR, and R COOLED. 


Sizes 1/4 to 300 KVA. 
“EISLER ENGINEERING CO., INC. 
CHARLES EISLER, PRES. 


779 South 13th St. (Near Avon Ave) NEWARK 3, N.J., U.S.A. 
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18-inch standard weight Tube-Turn welding 
tee and pipe laid out preparatory to 
assembly for hydrostatic pressure test 


Welder completing last bead in assembly 
Fitting and pipe now form homogeneous, 
leakproof unit. 


Assembly is hung in pit, massively lined with 
oncrete. During test top grating is closed 
and held down by a barricade of sandbags 


Final result after hydrostatic pressure test. 
The straight pipe burst first, and the tee 
is undamaged. 


OcroBer L949 


Strength through Design in Tube-Turn welding fittings 


The pipe burst first! 


Take an 18-inch standard weight 
welding tee. Take three correspond- 
ing lengths of pipe. Weld tee and 
pipe together. Cap the ends. Lower 
the assembly into a pit. Then apply 
hydrostatic pressure—much more 
than the assembly is supposed to 
take! 

Something has to give! Accord- 
ing to the accepted beliefs it should 
be the tee. But not in the case of 
the test pictured here. The Tube- 
Turn “barrel-shaped” tee was used 

—and the pipe burst, well before 
the tee was affected! Throughout 
numerous tests, this new type of 
tee has withstood at least 25 per 
cent more pressure than required 
by the formula given in ASA B16.9. 

The superior strength of the tee 
was achieved without running up 
extra weight and cost, by carefully 
planned improvements in shape 
(based on the sphere, nature’s 


strongest form for internal pres- 
sure), and by a carefully engineered 
distribution of metal. 

This is a typical example of 
strength through design in Tube- 
Turn welding fittings, and another 
good reason why leading piping 
engineers specify Tube-Turn 
equipped, welded piping. 


TUBE TURNS, INC. 


222 East Broadway, Dept. K, Lovisville 1, Kentucky 


District Offices at New York, Philadelphia, Pittsburgh, Chicago, Houston, Tulsa, San Francisco. Los é.ngeles 
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Protractor Welding Clamp 


is a new tool that the 
industries have needed for 

Although the tool ean be used for other 
purposes it wae created primarily to hold 
plates, bare, tubing, ete 


while the parts 
are bemg united by welding, brazing or 
ooldering The photograph illustrates 
how Pro-Clumps are used in the assembly 
of eteel plate and tubing 
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By the use of Pro-Clamps, piping sys- 
tems and weldments can be completely 
installed and assembled before the first 
weld is applied. Special fixtures and 
templates are completely eliminated in a 
high percentage of cases and considerable 
labor for the reason that the 
fitters and assemblers are standing 
idle while the welding operator applies 
tack welds and, visa versa, the welding 
operator is not idle while the fitters are 
making measurements and moving other 
parts into place. 

Pro-Clamps consist of a U-shaped frame 
that can be likened arms 
At the end of the arms. two clamps which 
ean be compared to a pair of mechanical 
hands are provided for gripping the parts 
which are held in place for welding. So 
that the clamps will hold the workpieces 
at any conceivable angle they are rotat- 
ably mounted and can be preset at any 
angle from 0 to 180 The frame of the 
tool is inscribed with two accurate pro- 
tractor scales so that the setting of the 
ingle will be exact. A means is provided 
for very tightly locking the clamps at the 
preset angle. 

Pro-Clamps are constructed of 
weight, unusually high-strength 
which resists weld spatter 

The present model accommodates thick- 
ness and diameter from 0 to lin. Over-all 
Weight is 3 


is saved 
not 


to @ pair ol 


light 
alloy, 


dimensions are 5'/, x 8 in 
lb. 

For additional information 
Bernard Welding Equipment Co., 
71st St., Chicago 19, Il 


contact 


741-43 


Miniature Inert-Are Electrode 


Holder 
\ miniature inert-are electrode holder 
featuring a flexible front-end assembly 


malleable tubing sur 


sheath ol silic one rubber 


made of 


rounded by 


opper 


that it can be bent in any direction to reach 
hard-to-get-at places, has been announced 
by Electrie’s Welding Divi- 
sions. 

Specifically designed for the fluxless 
welding of nonferrous metals in the thin- 
ner gages from No. 16 to No. 40 (0.0625 to 
0.003 in.), the holder is available in two 
models: One for 0.010- and 0.020-in. 
tungsten electrodes and the other for 
0.040- and '/\-in. tungsten electrodes 
It has a rating of 40 amp. continuous, and 
can be used with either a.-e. or d.-c. supply. 
Currents as high as 60 amp. can be em- 
ployed, if overheating is prevented by 
very low duty cycles 


General 


Small, light and extremely adaptable, 
the new welding tool will find application 
in the manufacture and repair of surgical 


instruments, cutlery, business machines, 
control and measurement equipment, 
capillary tubing, electronic tubes, duct 


work, wire fittings, small sheet metal en- 
closures, metal novelties, ete. It should 
prove useful to manufacturing jewelers 
and in model building and laboratory 
ipparatus construction Some of the 
metals with which the new holder can be 
used are stainless steel, aluminum, brass, 
copper, nickel, Monel, Inconel, gold, silver 
and tantalum 


Leak Detector 


All fuel and traction tanks produced by 
the Lintern Corp. of Berea, Ohio, are now 
being tested with a General Electric Type 
H leak detector, 1t was learned recently 


The completely welded fuel tanks are 
made for use in large transportation 
trucks and have capacities ranging from 


85 to 150 gal. To make certain there are 
no possible places for gasoline to seep out, 
all welds are checked by the portable G-E 
detector before the finished tanks pass 
from the assembly line. 

According to Lintern engineers, six 
welders and one inspector armed with the 
leak detector can turn out about 18 tanks 
in the average day. Fabrication is in six 
stages. The tanks are placed on iron rails 
rather than positioners so that they can be 
pushed from one welding booth to another 
as they move along the assembly line. 
The top plates of the tanks are made of 
mild steel deck plate; the bottoms and 
ends are 12-gage sheet steel First, the 
inner baffles and braces and the bottom 
are tacked together, the side 
panels are then tacked on, and final weld 
ments are made after all the parts are 
assembled. The weldments measure about 
‘/gin. Sixty feet of welding electrode goes 
into each tank 

When the finished tanks reach the end of 
the assembly line, the inspector checks all 
welded seams with the Type H leak de- 
This electronic instrument is so 

that it detect leaks small 
enough to release only | oz. of gas a cen- 
tury. Previous leak testing methods were 
unsatisfactory, Lintern engineers said, 
because they uncovered only the large 
leaks. The instrument enables the 
company to detect the smallest of leaks in 


sections 


tector 


sensitive ean 


new 


Black and White 


NET MONTHLY ADVERTISING RATES 
Effective July 11, 1947 . 


10% Extra for bleed full pages. Color $65 extra per color added 
Agency Commission —15% 
Cash Discount — 2%, 10 days 


‘Full page $185 | $165 | $150 | 
“Two-thirds page| 130 | 120 | 110 | 100 
Quarter Page 60 58 55 50 
| | 
*Inside Preferred | 205 185 | 170 | 160 


WELDING CONNECTORS 


Saxe System Welded Connection Units 

in position and securely hold together 

welded structures they 

“Write for 58 pg. Manual containing full engineering design 
information for wel 


H. Williams & Company 
Buffalo 7, New York 


Canadian Representative 


for welded assembly 
structural 
all hole 


eliminale punch 


rigid, safe and quickly erected struc 


” 


ed structures 


G. D. Peters Company 
Montreal 2 


Canada 
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a tank and these can be repaired before the 
unit is shipped, they said. 


D.-C. Welder Uses Plate-Type 
Rectifiers 


New d.-c. welding machines, using 
plate-type rectifiers instead of the con- 
ventional rotating components used in 
motor-generator welding equipment, are 
available from Westinghouse Electrie Corp. 
These welders are rated in accordance with 
N.E.M.-A. standards for industrial type, 
single-operator arc welders. They are 
available in 200-, 300- and 100- amp. 
ratings. 


f 


Fig. | New Westinghouse d.-c. 
welder plate-type rectifiers 


Major components of the new reetifier- 


type, d.-c. welders are: — three-phase 
welding transformer; three-phase adjust- 
able reactor; and a plate-type (selenium), 
three-phase, full-wave rectifier. 

The no-load loss in a 300-amp. welder is 
500 w., as compared to 2480 to 3600 w, for 
“a conventional motor-generator welder. 


“4 


COMPARATIVE PERFORMANCE 
300-AMPERE O-C WELDERS 

—— Plate Type Rectifier Weider 
——-Motor Generotor weider 


Ef 


welding Current — amperes 


Fig. 3 


The power factor at normal operating load 
conditions is comparable to induction- 
motor-driven welders. The welder’s efti- 
ciency at full load is 66%, as compared to 
54% for motor-generator welders. Effi- 
ciency increases at reduced load conditions, 
reaching 73% at 20% rated load. 

For further information write Westing- 
house Electric Corp., P. O. Box 868, 
Pittsburgh 30, Pa. 


Self-Propelled Are Welder 


This fleet vehicle was especially de- 
signed as a mobile unit to quickly and 
efficiently make welded repairs around 
large railroad yards, oil refineries, steel 
mills, quarries, gravel pits and other in- 
dustries having extensive operations. 

Weldmobile’s equipment and design are 
so wide in range of capabilities that it can 
be used as a complete maintenance and 
repair outfit in any loeation, eliminating 
the need of electrical connections for 
electric drive are welders or towing equip- 
ment for trailer mounted are welders 
Two new models are now being produced, 
the GR-301-M with « 300-amp. welder for 
light to heavy welding requirements, and 
the GR-401-M with a 400-amp. welder for 
medium to extra heavy welding require- 
ments. Either unit can be furnished with 
l- or 3-kw. auniliary d.-¢ power for 
plying lights and universal power tools, 


This ‘“‘Weldmobile”’ is equipped to rol! 
along to the job under its own power and 
make on-the-spot repairs with are welding, 
oxyacetylene welding and cutting, and 
power tools, A universal coupler is pro- 
vided on the rear to permit towing of 
additional equipment such as trailer 
mounted welders, air compressors, ete 
Manufactured by Hobart Brothers Co., 
Box 389, Troy, Ohio. 


SR-4 Strain Indicator 


A new SR-4@® self-balancing, dial- 
type strain indicator for use in stress 
analysis with SR-4 bonded resistance 
wire strain gages, is announced by The 
Baldwin Locomotive Works, Philadelphia 
42, Pa. The automatic balancing featur: 
simplifies strain measurement by giving 
quick indications of strains on a dial 
seale calibrated to read directly in micro- 
inches per inch for standard gages (gage 
factors from 1.90 to 2.20). Adjustments 
for gage factor and for zero setting are 
provided above the dial inside the case 

The indicator can be used either with « 
single strain gage or with multipoint 


The new Baldwin SR-4 self-balancing 

dial-type strain indicator has a 10-in. 

diameter scale. This model is de- 

signed for three ranges. All adjust- 

ment and selection controls are read- 

ily accessible when door is open as 
shown 


Fig. 2 1 view of the welder, case re- 
moved, shows the exhaust 
ered by a ‘/o-hp., prelubricated ball 
bearing, totally enclosed motor 
THe Wenning 
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4 LEADERS JOIN HANDS 
at the 3Ist Annual 


Metal Congress & Exposition 


Cleveland, Oct. 17-21 


to bring you 


“Eeonomy in Production” 


T0 LD YOU . With hundreds of lectures and papers, plus eight special round table 
° sessions devoted to study and discussion of ways and means of reduc- 


ing unit costs. 


With over 300 operating displays that demonstrate how products, 


§ H OW E D YOU ; processes and equipment will increase production efficiency. 


Plan to attend the sessions, see the displays and operating films that will be shown 
in the Economy Theatre in the Auditorium. Be among more than 30,000 manage- 
ment, engineering and purchasing officials in the Metal Industry who will attend. 


For full information 
Ww. Eisenman i 

‘Managing Dj 
Notional Metal 
7301 Euclid Avenue, Cleveland 3 Ohi. 
oF telephone UToh 1.0200 


and to make Space 


reservations, write: 


For hotel reservations, write: 
Cleveland Housing Bureau 
attention: louise D. Perkins, 

511 Terminal Tower, Cleveland 13, Ohio 
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switching and balancing units for reading 
many strain points. It is available with 
any one of three ranges, with any two 
or with all three ranges: O to 2000, 0 
to 5000 and 0 to 10,000 mieroinches of 
strain per inch of strained surface. Seales 
other than that illustrated are available. 

Accuracy of the indicator is high and 
permanent. It is guaranteed within 
0.25% of all ranges and is unaffected by 
the normal variations in the characteristics 
of electronic tubes used in the detecting 
and amplifying cireuit, or by normal 
variations of voltage in the a.-c. power 
supply (110 v., 60 evele). 

Strain recording equipment of the same 
ranges and accuracy is also available. 


Portable Spot Welder 
The Miller Electrie Mfg. Co., of Apple- 
ton, Wise., has announced a redesigned 
improved, portable spot welder with a new 
toggle-action tong lever 


Portable Spot Welder 


Phe new type toggle-action tong lever 
wives greatly increased tong pressure re- 
sulting in better spots and easy operation 
With ordinary lever-type spot welders 
where material fit-up is poor, sufficient 
band pressure cannot be exerted to pull 
the material together. The toggle-action 
lever eliminates this difficulty. The lever 
may be adjusted to either close tight on the 
work or to pivot past center and lock tight 
on the work. Thereby, the operator can 
close the welder on the material to be 
spotted — forcing it up tight and locking to- 
gether then operate the switch with the 
other hand. The design assures uniform 
pressure on every spot and results in high- 
quality welds. It does not take muscle to 
operate this new model. Even women 
ean exert satistactory pressure with this 
new type of lever, 

An adjustment is provided between the 
lever and the tongs to compensate for 
various thicknesses of metal, At the 
rear of the handle another adjustment 
regulates the distance the handle closes. 

This new model spot welder may be 
used either with or without the timer 
control 

A kit to provide the toggle-action tong 
older model portable 
spot welders is also available 

Illustrated literature and further in- 
formation are available either through 
any Miller distributor or upon writing 
direet to the Miller factory, 


lever action for 
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Inexpensive Positioner 


J. M. Ragle Industries, 4029 Indiana 
Ave., Kansas City 4, Mo., have seen a 
definite need for a small inexpensive 
positioning fixture for such welding jobs 
as hard facing plow shares and other 
welding jobs where the part must be 
positioned 


Inexpensive Positioner 


With this in mind they developed the 
Commando Positioner. This positioner 
will hold parts up to 2 in. thick and 
weighing 200 Ib. It is ideally suitable for 
plow share welding inasmuch as the hold- 
ing fixture is of a 3-contact arrangement. 
Pressure is exerted in the opposite direc- 
tion from that caused by the welding 
operation. This feature eliminates warp 
age of the part being welded to a mini- 
mum. 

The positioner is of the ball and socket 
type, accurately machined. The part 
being welded may be turned in any posi- 
tion. Position may be changed with 
slight pressure with the hand or fingers. 
It may be mounted on bench or inexpen- 
sive stand which may be made in any 
shop. 


Heavy-Duty Electrode Holder 


Operating under continuous duty evek 
at 725 amp. on * .in. electrodes, with the 
new Martin Wells heavy-duty 68 Elec- 
trode Holder, the manufacturer states 
his holder remains cool 

Silver-brazed cable connections and 
size 4/0 cable are recommended for use 
with this holder on 600-700 amp. Elee- 
trodes are held and fixed in a 60 or 99 
Manu- 
facturer states the cam action gives a 


position by cam bulldog action 


positive contact on the electrode re- 
duces the heating on both the stub and 
the holder. 

Length is 15 in., weight is 32.0z. Mar- 
tin Wells, Ine., 5886 Compton Ave., 
Los Angeles 1, Calif 
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Heavy-Duty Electrode Holder 


\ ew Products 


Positioner 


The latest manufactured product of the 
Aronson Machine Co., Arcade, N. Y 
i heavy-duty, gear-driven welding 
positioner that augments the Company’s 
Universal Balanced Positioner line with 
capacities of 3000, 4000, 5000 and 6000 
Ib. 

The four models of heavy-duty posi 
tioners are HD3000, HD4000, HD5000 
and HD000, Variable speed drive of the 
work table offers speeds of the machines 
infinitely variable from 0 to 0.75 rpm. on 
all models. The work tables also tilt 
135° in 40 see 


is a 


Positioner 


Other features common to all models ar 
enclosed motor, variable speed drive and 
speed reducer units with controls con 
veniently located on one side of the 
machine, remote push button, elevating 
base adjustable 24 in 
tee slots for greater adaptability 


and more length 


Low Cost D.-C. Welder 


\ new line of low-cost welders has 
been developed by the Hobart Brothers 
Co., Troy, Ohio, to be known as_ the 
“Bantam Champ” d.-c. are welders 

The one shown is the electric-motor 
driven Model MZ-200-S, 
meet a certain demand for lower priced 
equipment. This model is rated 200 amp 
at 30 v. on 50% duty eyele. The current 
range is from 40 to 250 amp. at an operat- 
ing speed of 3450 rpm. It is 26'/, in. long 
IS in. wide, 25 in. high (stationary) and 
weighs approximately 340 Ib 


designed to 


Low-Cost D.-C. Welder 
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The génerator is a modified multirange 
type with 4 laminated main poles and 4 
interpoles which are removable. Four 
are held in a 


heavy-duty generator brushe 
fixed neutral position by patented single- 
unit brush rigging 

Its welding controls are modified 
multirange dual control, with 5 ranges of 
welding current and 100 steps of volt- 
ampere adjustment in each range, making 
available 500 combinations of open- 
circuit voltage and welding current for 
selecting any desired are characteristics 
Main switch is heavy copper, molded in 
bakelite, controlled by the large, hard- 
rubber covered hand wheel Volt-ampere 
adjuster is compactly built behind the 
main switch. 

squirrel cage induction type electric 
motor is used and its rotor bars are welded 
to form a solid copper squirrel cage No 
bolts or rivets are used in its construction 
The stator is ground concentric with the 
bearings to insure a uniform air gap 

Voltage changes over terminals are 
provided on the starting switch. Motor 
leads are brought out to the terminals on 
the starting switch and can be re-con- 
nected to change from 220 to 440° vy 
power supply and vice versa 


Spatterproofing Compound and 
Rust-Preventive for Welding 


Protect-O-Metal No. S is a new coating 
to protect parts and raw stock from rusting 
prior to welding and between operations 
Applied with brush, spray or by dipping, it 
dries in jess than an hour to a thin, trans- 
parent coating which prevents rust up to 
6 mo. in the weather and up to 2 yr. on 
steel stored indoors The coating also 
prevents adhesion of all flash and weld 
spatter during welding operations and 
saves up to 85% of the time required to 
clean welds The coating will not caus« 
porosity or harm the weld in any way and 
ean be safely used on any metal surfac: 


Welded Steel Plate 


Ocroner 


Treated and Untreated Section of 


Protect-O-Metal No. S need not be re- 
moved after welding as it serves as a good 
base for subsequent painting 
Protect-O-Metal No. 8 has also been 
found suitable in protecting beveled plate 
edges from rusting prior to welding and to 


Graham Stud Welder 


Graham Manufacturing Corp. an- 
nounces the addition of a single gun ma- 


chine to their line of welding equipment. 


protect overlapped sections which are in- 
accessible for painting after welding 

The product is delivered ready for use in 
l- and 5-gal. cans and 55-gal. drums. Fre« 
test sample is available on request. Man- 
ufactured by G. W. Smith & Sons, Inc 
5400 Kemp Rd., Dayton, 3, Ohio 

The accompanying photograph con- 
trasts one section of a welded steel plate 
which was left unprotected while the 
remaining section was treated with Pro- 
tect-O-Metal No. 8 before welding 


Low- Cost Gas Drive D.-C. 
Welder 


A new line of low-cost welders has been 
developed by the Hobart Brothers Co., 
Troy, Ohio, to be known as the “Bantam 
( hamp”’ d.-« ire welders 


Graham Stud Welder 


The basic principle of the Graham 
welder is a itor-operated, self-timed 
device using tip studs which, on coming in 
contact with the work and fusing, causes 
ionization; which, in turn, allows a path 
for the main discharge current of the 


eapacitor to form an are sufficient to melt 
both the full diameter of the stud end and 
the workpiece directly under same, This 
is followed by the necessary hammer blow 
causing the pieces to weld This com- 
Low-Cost Welder plete evele is brought about by a rapid, 
continuous movement of the stud-holding 
part, no re tarding me ans being employed 

The one shown is the gasoline-engine- The time of are is about 1 mil sec., which 
driven Model ZX B-200-S, designed to makes possible use of very high currents. 
meet a certain demand for lower priced 
equipment This model is rated 200 amp short are time are the concentration of 
The current heat, the welding of studs on very thin 


Some of the advantages of the extremely 


it 25 v on 50% duty evele 
range is from 25 to 230 amp. at an operat- metal, no fillets, no distortion of work, no 


discernible heat, allows studs to be welded 


ing speed of 2200 rpm. It is 55 in. long, 
2 in. wide, 38 in. high (ineluding ex- on back of plated or painted surlaces 


haust), and weighs approximately 770 without marring same, no flux is necessary 

Ib and it makes possible welding of dissimilar 
The generator is a modified multi- metals 

range type with 4 laminated main poles Other advantages are low energy con 

ind 4 interpoles which are removable sumption, small size gun assembly, can be 

Four heavy-duty generator brushes are used In any position, only two moving 

held ina fixed neutral position by patented parts in the gun and no skilled help 


required 


single-unit brush rigging 
Some of the metals and alloys welded 


Its welding controls are modified multi- 


range dual control, with 5 ranges of weld- by this process are steel, stainless steel, 
ing current and 100 steps of volt-ampere Monel, aluminum, magnesium, zinc, cop- 
idjustment in each range, making avail- per and, in some cases, combinations of 
ible 500) combinations of open-circuit these metals and alloys 

voltage and welding current for selecting Stud dimensions are up to '/, In. at 
any desired are characteristics. Main present and the current rating is A. ¢ 


110/220 440 three phase. 
No timing devices are required. Foot 
pedal or switch can be used on manual 


switch is heavy copper, molded in bake- 
lite, controlled by the large, hard-rubber 
Volt-ampere ad- 
juster is compactly built behind the main evele times 

switch ; The welding pressure can be either 
No auxiliary 
cooling means are necessary The over- 
all dimensions of cabinet are 38 x 24x 


covered hand wheel 


The generator is driven by a Hercules mechanical or pneumatic 
ZXB, 4-evlinder industrial engine. It is 
water cooled and is complete with oil bath 


type oil filter, gasoline filter and muffler 1G ir 
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CURRENT WELDING PATENTS 


prepared by L. Oldham 


printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 10, D.C. 


2,477,117—Execrric Macuine 
aND ConTrot Means THEREFOR— 

Irvin W. Cox, West Allis, and Lester D. 

Drugmand, Greenfield, Wis., assignors 

to Cutier-Hammer, Ine. Milwaukee, 

Wis, 

The control means disclosed by this 
patent relate to a welding system utilizing 
a single unidirectional pulse of electric 
energy, and the apparatus provided in- 
cludes a pair of relatively movable weld- 
ing electrodes which have means asso- 
ciated therewith for pressing them to- 
gether. These pressure producing means 
include an electromagnet having a coil in 
series with the electrodes and adapted to 
vary the pressure set up by the electrodes 
and controlled by the amount of magnetic 
flux induced in a portion of the electro- 
magnet by the coil of same. 


2,477,129 Hicu-Frequency INpUucTION 
Brazing Apraratus—Joel R. Johnson, 
Chicago, Ill, assignor to Western 
Eleetric Company, Inc., New York, N. 


a special 
inter- 


Johnson's patent relates to 
fixture or apparatus for use in 
nittently conveying articles to be treated 
to a high-frequency induction heating coil 
\ rotary article supporting table is pro- 
vided and articles are carried thereon and 
ire indexed with relation to an induction 
heating coil by movement of the table. 


Composition Merion 
POR CLEANING ALUMINGM PrREPARA- 
rorY To Spor Emmette R 
Holman, Pasadena, Calif., assignor to 
Tureo Produets, Inc., Los Angeles, 
Calif 
The method of this patent comprises 
aluminum articles in a cold 
wqueous phosphoric acid bath having a 
pH below about 3 and an initial concen- 
tration of about O.OL to 2.00%. This acid 
bath also has a substance therein capable 
of vielding a halide radical in it 


2.477,207 
Fred J 
This patent comprises a holder including 
+ pair of handles pivoted to one another, 
portions of which torm electrode engaging 
jaws. A bifureated shield is affixed to the 
jaws adjacent their pivotal connection 


ELecrrope Ho torr 
Rinehart, Youngstown, Ohio 


2.477.211 System —Clyde 
Smith, Warren, Ohio, assignor to The 
Pavlor-Winfield Corporation, Warren, 
Obie. 


102s 


Smith's welding system uses a multiple 
phase source of alternating current and it 
has a load circuit and translating means 
for furnishing the load circuit with elec- 
trical energy from each of the phases of the 
electrical energy source. The novelty of 
the device resides in the switching means 
used to connect and disconnect one phase 
of the source with the translating means 
and it includes a pair of reversely con- 
nected electric discharge devices for inner- 
connecting another of the phases of the 
eleetrical energy source with the trans- 
lating means. 


System—John W. 
Dawson, West Newton, Mass., assignor 
to Raytheon Mfg. Co., Newton, Mass. 
This welding system is provided for 

welding two surfaces together and com- 

prises providing means for holding the 
surfaces in spaced relationship to each 
other and other means are provided for 
connecting a source of are current to 
such members for striking an are between 

the surfaces to be welded to heat same to a 

high temperature below the drip point of 

the members. Other devices are present 
in the apparatus for bringing the surfaces 
into tight engagement and current flow 

Is provided between the surfaces when 

they are in engagement. 

2,477,622 ConveNseR WELDING Sys- 
Klemperer, Belmont, Mass , 
assignor to Raytheon Mfg. Company, 
Newton, Mass. 

This patent is primarily directed to an 
eleetrie control circuit for a welding svstem 
and such control includes a condenser and 
means for charging the condenser \ 
welding load circuit is connected to the 
condenser and the condenser is discharged 
through the welding load circuit with a 
unidirectional pulse of current. Means 
are provided for recharging the condenser 
with its original polarity by the energy 
stored in the system as a result of the pulse 
of current. Other special control means 
are provided in the circuit 


Ted Nel- 


assignor to 


Srup ror WeLoing 
Leandro, Calif., 
Morton Gregory Corporation, 


2,477,765 


son, San 


Nelson's stud bias a evlindrical head for 
welding to another body and it has a 
evlindrieal shank for holding the head in 
the ehuck of a welding implement. This 
shank has a conical neck frangibly con- 
nected to the head at its smallest end 


Current Welding Patents 


2,477,894 Metruop or AND 
FoR ForMING AND WELDING CoNnTACTS 
A. F. Pityo, Clifton, & H. FE. Butter- 

field, Jr., Maplewood, N. J. 

This patent covers a specialized appara- 
tus of the type indicated wherein a metal 
rod is intermittently set by a step-by-step 
movement for securing contact sections 
from the metal rod to a metal member. 


2,477,906 ror Arc 
Wetpinc —Nils Gustav Smith, Gote- 
borg, Sweden, assignor to Elektriska 
Svetsningsaktiebolaget, Goteborg, Swe- 
den. 

Smith's apparatus 
coated electrodes for eleetric are welding 
seams. A carrier member is provided and 
is guided in a predetermined course di- 
rected generally toward the work to be 
welded. An electrode holding member is 
connected to the carrier member in such a 
manner as to allow rotation of the elec- 
trode holding member and stop means are 
provided for opposing the rotation in one 
direction toward the work. When only 
a short length of the electrode remains, a 
further stop means restricts movement of 
the carrier member toward the work 


2,477,917 Gas Toren Edward D. Wil- 
Son, Portland, Ore. 


uses rod-shaped 


The gas torch covered by this patent 
has a passage for inflammable gas through 
the torch and a cooperating flint and 
abrasive element is provided for igniting 
the gas. 
ciated with the flint and abrasive element 


Special control means are asso- 


2,478,525 Gun AbarTer 
John P. Cutrer, Houston, Tex., assignor 
to Reed Roller Bit Co., Houston, Tex 
The electrode rod holder 

this patent has a tubular conduit assembly 
including an outer protective tubing and an 
inner rod holding tube extending through 
the tubing and terminating short of one 
end thereof. A tubular block and a tip 
element secured thereto are secured to the 
end of the outer tubing and an electrode 
rod may extend through the rod holding 
tube, block and tip element and may pro- 
ject therefrom. 


disclosed by 


2,478,636 Arc Apparatus 
Everett F. Potter, Schenectady, N.Y 
assignor to General Electric Co. 

The are welding apparatus disclosed in 
Potter's patent includes « plurality of 
electrode holders, having means for supply- 
ing are-welding current to each of the 
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holders and to the electrodes mounted 
therein. The feature of the machine 
resides in mechanism for bringing one 
electrode holder into operative association 
with the work and then bringing a second 
electrode holder into engagement with 
the work immediately prior to the com- 
plete consumption of the el etrode carried 
by the electrode holder then in operative 
association with the work 


2,478,640 Metuop or WeELDING BY 
Inpuction Heatina—-Wesley M. Ro- 
berds, Collingswood, N. J., assignor to 
Radio Corp, of America 
The welding method in this instance is 

for joining of opposed spaced edges of 

electrically conductive work pleces by 
means of radio-frequency currents induced 
in the workpieces by induction heating 
applicator means. The induction heating 
applicator used is positioned between the 
spaced edges to be welded together and 
radio frequency currents are applied to the 
applicator to heat it by currents flowing 
therein and the adjacent edges of the 
workpieces by currents induced therein 

Thereafter the edges are pressed against 

the applicator to unite therewith and form 

a permanent connection of the individual 

workpieces and the applicator 


2,478,944 Brazing Composition 
Albert E. Rising, Jr., Glen Head, N.Y 
This patented brazing flux composition 

includes potassium and borate eomposi- 

tons 


2,478,985 APPARATUS FOR MULTIARE 
WELDING Colby Weston Steward 
Kenmore, and Malcolm R. Rivenburgh 
Williamsville, N. Y., assignors, by 
mesne assignments, to Cornell Aero 
Lab. Ine., Buffalo, N. Y. 

This are-welding apparatus includes « 
pair of earbon electrodes connected to an 
alternating current source to provide a 
heating are in proximity to a workpiece 


A direct current source Is connected to a 
welding electrode that is movable adjacent 
to the alternating current heating are to 
carry out the welding action, The alter- 
nating current are is movable relative to a 
workpiece to vary the heating action 
produced, 


2.479,087—- WELDING 
Crrcurr—Colby Weston Steward, New- 
ton, lowa, assignor by mesne assign- 
ments, to Cornell Aeronautical Labora- 
tory, Inc., acorp. of N.Y 
The circuit disclosed in this patent is 

provided particularly for use with the 

apparatus covered in patent No, 2,478,985 

and provides circuit control means so that 

a more balanced relation between the 

multiple ares may be established. 


2,479,092 ELectrie Arc Stup WELDING 
APPARATUS Aruthur Ratcliffe Ains- 
worth, London, England, assignor to 
Cye-Are Limited, London, England, a 
British company 
Objects such as studs, rivets, tubes ete. 
are welded to the surfaces of plates, 
bodies and like masses by this type of 
apparatus. The apparatus includes a 
body which is adapted to be positioned 
over the surface to which an object is to 
welded and controllable piston means are 
supported in the body and carry a chuck 
for the object to be welded to another 


member 


Hotper ror 
George P. Loucks, Toledo, 


2,479,127 
WELDING 
Ohio 
This patent discloses the use of a plur- 

ality of special type of link arms in pivotal 

relationship for positioning an electrode 


WELbING 
Fixture —Rea V. Anderson, Los An- 
geles, Calif., assignor to Rheem Mfg. 
Co., Richmond, Calif. 
A specialized welding fixture is shown 
in this patent and it relates to the welding 


of an end closure member to a eylindrical 
shell assembly. 


2,479,370-—-Rorary WELDING APPARATUS 
Alonzo F. Kenyon, Wilkinsburg, and 
Theo Specht, Sharon, Pa., assignors to 
Westinghouse Electric Corp., East 
Pittsburgh, Pa. 


The primary novelty of this patent 
appears to reside in a specialized type 
of a transformer provided for use in 
rotary welding apparatus. 


2,479,547-- Tip ror Resist1- 
WELDING 
k We rsler and Jos. F. Bukowski, 
Phila, Pa., Budd 


Company, Philadelphia, Pa. 


assignors to The 


This patent is directed to an electrode 
welding apparatus and 
includes «a tubular holder and a tip having 
4a workpiece engaging surface, and a cool- 
ant coupling. Additional coupling means 
are provided for establishing a universal 
joint between the holder and the tip 


lor resistance 


2,479,556 -Wertoinc MetHop anp Ap- 
paratTts Harry Chanowitz, Chicago, 
assignor to David T. Siegel, Whea- 
ton, Il 
This relates to a specialized welding 

similar 

elongated workpiece to a cooperating work 


method for welding a filament o 


part In the we Iding method a predeter- 
mined tension is established in the filament 
and the filament is welded to the work- 
piece while maintained under the pre- 
determined tension. 


2,479,798 Fiuxes—Rene D 
Wasserman, New York, N. Y 


Wasserman’s welding flux comprises 4 
large part ol sodium carbonate monohy- 
drate, a minor proportion Of a hydrated 
alkali metal pentaborate and a small 


amount of graphite, 


SECTION 


CTIVITIES | 


Pascagoula 


\ business meeting for the installation 
of new officers was held on July 7th at the 
Pascagoula Country Club Dinner 
speaker was L. G. Weber who spoke on 

History and Its Relation to Current 


Eeonomics.”” W. D. Pelan, Chairman of 


the Section, spoke on the plans for the 
1949-50 season. 

Officers elected for the year are as fol- 
lows: Chairman, W. D. Phelan, Ingalls 
Shipbuilding Corp.; 1st Vice-Chairman, 
C. L. Cornell, Jr.; Secretary-Treasurer, I. 
W. Whittemore 


Chairman Vembership 


Ocroner 1949 


Prepared by C, M. O'Leary 


Committee, John Uowkins; Chairman 
Program Committee, L. B. Weber: Mem- 
hers at Large—L. G. Weber, J. A. Furr and 
Hunt Teel 


Pittsburgh 


The Pittsburgh Section, under direction 
of the newly elected officers, has completed 
its program for the coming 1949-50 season 
Headed by the Chairman of the Member- 
ship Committee, F. H. Dill of the Ameri- 
ean Bridge Company, and ably assisted 
by Julius Heuschkel, Westinghouse Elee- 
trie Corp., and Dr. H L. Anthony of the 


Section Activities 


Mellon Institute of Industrial Research, 
the following program has been arranged: 


26, 1949 
Ww 
Corp 

Nov. 16, 1949 ‘The Effect of Various 
Flux and Electrode Compositions on 
Submerged Arce Welding,’ Norman 
G. Schreiner, Manager of Unionmelt 
Service and Development, The Linde 
Air Products Co 

Jan. 18, 1950: “‘Steel Under Stress,’ 
Dr. M. Gensamer, Asst. to Director 
of Research, Carnegie Ulinois Steel 
Corp 


Safety in Arc Welding,” 
teddie, Westinghouse Electric 


1029 


Fes. 15, 1950: “Hard Surfacing,” 
Howard 8. Avery, Research Metallur- 
gist, American Brake Shoe Co. 

Mar. 15, 1950: “Inspection of Weld- 
ing,’ W. B. Bunn, Welding Engineer, 
The M. W. Kellogg Co. 

Tri-Srare—Apr., 28, 1950: “What the 
Future Holds for Welding,” T. B. 
Jefferson, Editor, The Welding Engi- 
neer; “Welding in Business,” John 
B. Tinnon, Vice-President in Charge 
of Sales, Metal & Thermit Corp. 


A cordial invitation is extended by the 
Pittsburgh Section to members of the 
American WeLpING Society, planning to 
be in Pittsburgh or its vicinity on any of 
the above nights, to visit the Section. 

The officers for the 1949-50 Season are: 
Chairman, T. W. Morgan, Armco Steel 
Corp.; Vice-Chairman, E. H. Turnock, 
Westinghouse Electric Corp.; Secretary, 
J. F. Minnotte, Minnoite Brothers Co.; 
Chairman—Membership Committee: Rich- 
ard L. Deily, Areway Equipment Co.: 
Chairman—Reception Committee: J. A 
Merryman, Westinghouse Fleet rie Corp 


Saginaw J alley 


As of Sept. 1, 1949, Saginaw Valley will 
be known as a Section of the AMERICAN 
Wetp1NG Society. Up to this time it was 
a Division of the Detroit Section, whose 
approval they have for becoming a Section 


Wichita 

An open discussion on “Stump the Ex- 
perts’’ was held at the May 16th meeting 
at Droll’s English Grill, Wichita, Kan. 
The list of Experts included Lee Ormsbee, 
Harry Moberly, Earl Krasser, Delbert 
Hughes, R. R. Kirkland, R. E. Scott, 
Harvey Bates and John Wiley. 

Announcement of new officers was made 
as follows: Chairman, H. W. Beeman, 
Tweco Products Co.; 1st Vice-Chairman, 
Paul D. Carter; 2nd Vice-Chairman, 
Harry L. Moberly, The Coleman Co., Inc. ; 
Secretary, G. M. Allen, Kampton Welding 
Supply Co.; Treasurer, J. L. Ormsbee: 
Chairman—Membership Committet 
George E. Shiner; Chairman—Program 
Committee: Paul D. Carter 


Service Bulletin 


ing experience. 
all phases of Welding, particularly Re- 
sistance Welding and Inert Gas Welding 


facturing development. 
an interesting field. 


LIST OF NEW MEMBERS 


Position Vacant 


Wanted. Welding Engineer 
Graduate Engineer with practical weld- 
Must be familiar with 


Work will involve supervision and manu- 
Excellent job in 


ATLANTA 
Farrell, 


LOUISVILLE 
Franklin, J. W. 


August 1 to August 31, 1949 


Duncan, Gordon G. 


Hovey, Howard G. ( 


Cc 


Flynn, Howard P. (D 


C) 


Kryzak, Thomas (D) 


SYRACUSE 
Mackey, Robert W., Jr. 


State qualifications 


CHICAGO MILWAUKEE Lehner, Joseph G. (D NOT IN SECTIONS 
Kilering, J. b. (C Hirner, Frank J. Luzinas, Edward C. (D Biesta, D. T. H. (C) 
Rush, James J. (B Mallett, John H., Jr. (D Cheek, Lewis F. (D 
NASHVILLE Shoemaker, George D. (D Kerr, James G. (C 
CLEVELAND a Williams, Camille J. (D Me Carthv, Neil (C 
rle, Bobby G ) e Carthy, 1 
Glatz, R.C.(C Zauko, Charles (B MeMurray, Mackenzie 
NEW JERSEY 
NORTHWEST 
DALLAS Strand, Edward M. (C ‘Trowbridge, Stanley C. (C Members 
Glasgow, Lawrence G. (¢ 
NEW ORLEANS PASCAGOULA Reclassified 
DETROIT Holmes, Dick (B Jeudevine, G. H. (B During month of August 
Biel, Frank J. (B 
Farr, Robert H. (B NEW YORK PORTLAND CHATTANOOGA 
Fischer, Maximilian J. Joka McLain, A. R. (C toB 
Sanford, Gilbert H. (B 
Stephenson, Harry (C a PUGET SOUND CLEVELAND 
c 3 ( Connell, Hal (B) Gilbert, Lewis (C to B 
KANSAS CITY Rodgers, F. Leo, Jr. ( 
Tanzberger, W. (¢ ROCHESTER DALLAS 


Brown, Andrew A. (C 
Olson, Ralph A. (C 


LEHIGH VALLEY 


Stemler, Martin L. 


Wilson, Jack L. (C) 
Beutel, Herbert W. (Co to B 


YORK-CENTRAL PA. 
Logue, FLA. (C to B 


Wolak, Stanislow (C 


SAN FRANCISCO 


Snyder, Arthur I. (B 


NORTHERN NEW YORK 
Bonneau, Walter R. (D 
Cronk, Donald F. (D 
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RESEARCH 


of the Engineering Foundation 


Sponsored by the American Welding Society and American Institute of Electrical Engineers 
American Institute of Mining and Metallurgical Engineers, American Society of Civil Engineers 
American Society of Mechanical Engineers, and Society of Naval Architects and Marine Engineers 


Supplement to The Welding Journal, October, 1919 


The Statistical Part in Welding 


Investigations 


by B. B. Day 
(Mlustrated by R. W. Miller) 


Abstract 


Variability is recognized as an inherent characteristic of all 
investigational work. Some pertinent sources of variation in 
welding processes are recounted from the literature, with a brief 
résumé of the extent to which the science of modern statistics 
has been used by welding investigators to handle variation 
Chief emphasis was placed on repeated measurements with the 
arithmetic mean as the best estimate, standard deviation for 
measuring variability of these and randomization to eliminate 
bits Also, use of the control chart technique for assuring ac- 
ceptable quality in welding production has been urged 

Statistics as a seience holds a unique place In experimentation 
It provides a measurement of the uncertainty (always present 
of conclusions drawn from experimental data through unbiased 
estimates of the variation To accomplish this requires special 
planning of the test prior to the actual running of the test. It is 
only when the test has purposefully been so constructed that 
unbiased estimates are possible. One well-developed branch 
of modern statistics is devoted to the structural planning of 
experiments 

\ hypothetical example is used to demonstrate the essential 
principles of experimental design and the efficient analytical 
procedure, known us the Analysis ot Variance, for extracting 
the maximum amount of information inherent in an experiment 


B. B. Day is Principal Statistician, U. 8S. Naval Engineering Experiment 
Station, Annapolis, Md 


R. W. Miller is connected with the Welding and Electrical Laboratory 


S. Naval Engineering Experiment Station, Annapolis, Maryland 


Scheduled for presentation at the Thirtieth Annual Meeting, A.W.S 
Cleveland, Ohio, week of Oet. 17, 1949 


® Using the science of statistics and special planning of in- 
vestigation, it is possible to gain increased precision in es- 
timates, enhance scope of conclusions, and savings in cost 


so designed. The chief characteristics of the so-called ‘‘factor- 


ial’ design not present in the classical one-at-a-time are: (1) 
inclusion within the same test of multiple factors at more than 
one level; and (2) the randomization of all possible sources of 
variation, including order of testing These characteristics give 
the following advantages: (a) A valid basis for computing the 
numerical uncertainty of the inferences drawn from the experi- 
mental data; (b) gain in precision of estimates; (c) greatly 
enhanced seope of conclusions; and (d) a substantial saving in 


cost. 


INTRODUCTORY SUMMARY 


NDIVIDUAL measurements are recognized as un- 

predictable. Because of this element of variability, 
conclusions drawn from experimental observations 
have an element of uncertainty. Fortunately, 
repeated observations under uniform conditions do 
follow a surprisingly regular pattern. Through the 
structural design of the experiment, it is possible to 
adequately account for the lack of consistency and to 
obtain a measure of the uncertainty. 

The factorially planned investigation is most effec- 
tive for accomplishing these. It has two distinct char- 
acteristics: (1) a simultaneous study of several fac- 
tors; and (2) all uncontrollable sources of variation are 
randomized. This type of structure is much more 
fruitful than the traditional method ‘‘one factor at a 
time holding all others constant.”” The same advan- 
tages would be evident over a haphazard test. Such 


an arrangement furnishes: 
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1. A valid measure of the inconsistencies in the 
observational data, as the basis for drawing 
inferences from observational data which the 
other methods of research do not furnish. 

2. Maximum information on more points of interest 
than the classical one-at-a-time can possibly 
give—not only main effects of factors under 
study, but their joint effects at various levels, 
also the net contribution of each factor. 

3. A broader basis for drawing conclusions, that is, 
for inductive reasoning. 

4. Increased sensitiveness leading to the detection 
of small real differences which otherwise might 
not be evident. 

5. A substantial saving in costs. 

The Analysis of Variance technique, complementing 
the factorial experiment, evaluates the results and fur- 
nishes the quantitative measure of the uncertainty of 
the inferences drawn from them. It is also a method 
whereby the experimental error may be partially con- 
trolled and reduced. 

It is urged that careful thought be given to the value 
in statistical planning of welding investigations before 
the actual experimentation gets under way. This 
would include both the structure and the skeleton of 
the plan of analysis. Such planning will lay the founda- 
tion for broader interpretation of the results, greater 
precision and economy in costs. In the words of R. A. 
Fisher, “The more thorough the design of an experi- 
ment, the more meaningful is the question asked.” 


INTRODUCTION 


General Principles 


Those concerned with investigation of welding prob- 
lems will surely agree that research in this field follows 
the general pattern of all other experimentation. Thus 
the problem is stated; experimental work is carried 
on from which observational data are recorded; and, 
finally, conclusions or inferences are drawn on the basis 
of these experimental observations. In this connec- 
tion, let us examine the purpose back of any investiga- 
tion. Where does the chief interest lie? Is it only in 
the information about the particular specimens being 
tested, or is there an interest in the data from these 
specimens only to the extent that they will give a basis 
for conclusions about all of the same type or kind of 
specimens? For example, if a test were run to deter- 
mine the minimum requirements for rod size in gas 
welding, the results of such a test would be of little 
interest if they did not furnish sufficient information 
for generalization on rod-size requirements generally, 
over and above the particular test. Hence, in any 
investigation we wish to be able to generalize for all 
of the same type, or kind, from the information gained 
in testing a few. In other words, we are learning 
about the group or family of objects having one or 
more common characteristics from observations made 
on a sample from that family. 
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If it were possible to measure the tensile strength 
of one gas weld made under certain conditions, and to 
say with certainty that that is the tensile strength of all 
such welds under the same conditions, the problems of 
investigational work would be pretty much solved. 
This, we know, is not the case. No one would be satis- 
fied with a single observation, for, however much we 
attempt to control conditions in any experiment, there 
is always a random element present which causes the 
results to differ. We 
results however hard we try. 
ability is a fundamental law of nature. It is one of 
the things of which we can be absolutely sure. The 
saying, “as alike as two peas in a pod,” is a hoax; 
everyone knows that the peas in a pod are never exactly 
alike; and so with the individual items in the “pod,” 
Even modern physics is now 


‘annot invariably reproduce 
This element of vari- 


or set of measurements. 
recognized as dealing with aggregate statistical laws and 
quantities subject to errors and variation. Therefore, 
we must accustom ourselves to living with the idea of 
variation. Along this line Sir Charles Darwin in 1938 
very aptly expressed the hope that generations would 
grow up which would have a facility to recognize 
that 
is one of its essential features. 


the inaccuracies and uncertainties of the world 


Most investigators have an appreciation of this char- 
acteristic of variation, which plagues their experimental 
work at every step of the way and makes uneasy their 
conclusions. They are coming to realize that because 
of such inconsistencies conclusions drawn from experi- 
mental observations will always have an element of 
uncertainty. 

If it were granted that investigational work could be 
carried on under perfectly controlled laboratory con- 
ditions and the research material was absolutely homo 
geneous, that is, devoid of any appreciable errors, the 
desirability of following such a procedure would still be 
doubtful. 
rarified a test might be materially invalid under the 
ordinary conditions of Also 
the expense of attempting to set up such laboratory 
conditions would be prohibitive. At the other ex- 


Conclusions reached from so artificial or 


practical application. 


treme would be investigations carried on under con- 
ditions of actual service or manufacturing practice. 
There would certainly be a place for this type of investi- 
gation. In between these two extremes are those 
under reasonably controlled conditions but with unavoid- 
able variation recognized. A choice between service 
conditions and the last-named would depend on the 
scope and purpose of the investigation. In either case 
it is essential that the degree of uncertainty be measured 


quantitatively. 


Defining the Purpose of the Paper 


Specifically the statistical part in welding investiga- 
tions is to provide a yardstick of the unavoidable varia- 
tion in the observational data and to furnish methods 
of applying this measure to evaluate the results of an 
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experiment. It was for this purpose that modern 
statistical methods were developed.* '7 Founded 
some 20 yr. ago by R. A. Fisher,* * and developed to a 
high degree by him and his associates, these methods 
have been used in recent years by engineers and physi- 
cal scientists and found applicable to the solution of 
their problems (Aston,' Barnett,? Brownlee,’® Porit- 
sky,'* Seder,'® and Swan'®). Using these methods, the 
maximum amount of information can be derived from 
an investigation, with the most efficient. use of time, 
money, and personnel. By preliminary statistical 
planning, it is possible under certain conditions to 
greatly reduce the amount of testing which would other- 
wise be done. At the same time, these methods furn- 
ish a means of assessing the reliability and value of the 
information, so extracted, by estimating accurately 
the variation inherent in the experiment, called the 
experimental error. One is able to compute a numeri- 
cal measure of the degree of confidence in the conclus- 
ions drawn from the test. 

Incidentally, the reader will recognize that this idea 
of statistics, as a study of variation, is far removed 
from the concept of earlier days, when, as R. A. Fisher® 
states: for, until comparatively recent times, the 
vast majority of workers in this field appear to have 
had no other aim than to ascertain aggregate, or aver- 
age, values.”” No attempt was made then to study 
variation. It was “recognized rather as a troublesome 
circumstance,” detracting from the values of the average 
We definitely 


are not concerned with such a notion of statistics; 


but about which nothing was done. 


instead, we definitely are concerned with pertinent 
methods for dealing with variation. 

You who are experienced in making investigations will 
realize that most of the methods presented here for 
handling variation have long been accepted as nothing 
What the statisti- 


cians have done is to systematize this common sense 


more than ordinary common sense. 


into a pattern equally applicable to investigational 
work in all scientific fields. One distinct advantage 
to be gained from following this pattern is that it pro- 
vides the inexperienced investigator with an objective 
basis for arriving at the same conclusion which the 
experienced man might have reached intuitively out 
of the wealth of his experience. 

It was thought that this group would be interested 
in a presentation of the general outline of these prin- 
ciples of experimentation of which there are two distinet 
phases. The first deals with the structure of the experi- 
ment; the second, with the evaluation and interpreta- 
tion of the experimental data of the experiment which 
result from the statistical plan used The two are so 
intimately bound together than neither is complete 
without the other. I shall attempt the Herculean task 
of presenting a very general picture of both by means 
of a hypothetical example. If this is sufficiently well 
done, those concerned with investigational work will 
want to explore the field through the listed references 


Fair warning should be given that this 


and others. 
science can prove to be a fascinating “baggage’ 


Numerous examples can be cited of engineers in other 
fields who have become so enamored of her wiles that 
they have followed her forth to carve out entirely new 


careers, 


VARIABILITY IN WELDING PROCESSES 
AND PROGRESS MADE IN APPLYING 
STATISTICAL METHODS 


To orient us for the main theme of this paper, we will 
look at some of the recognized sources of variation in 
the welding field and the statistical techniques proposed 
for coping with variation. 


Recognition of Variability in Welding Literature 


Clark® indicates that machines, processes and material 
are the chief sources of variation and that maximum 
weld quality would be achieved if these three were 
modified to yield perfect consistency. Then he spoils 
this happy arrangement by stating that neither science 
nor industry has discovered how to obtain such ideal 
consistency. More specifically, quoting from Hess and 
others!” on spot welding in aluminum alloys: “The 
first requisites for consistency are reliable operation of 
the welding equipment with respect to secondary cur- 
rent and electrode pressure, and maintenance of uniform 
conditions at the electrode tips. The next most im- 
portant factor affecting consistency is the magnitude of 
welding current. Uniformity of surface condition is 
another factor of major importance.” Della-Vedowa 
and Rockwell,’ in a study of the effect of weld spacing 
on the strength of spot-welded joints, recognize that the 
established method of physical -testing tends to cause 
a twisting or bending of specimen, unequal stress 
distributions among the spots, particularly if testing 
jaws were out of line due to crooked clamping of speci- 
mens. 

Leder” states that the factors affecting hardness, 
developed in a heat-affected zone, are composition of 
steel and cooling rate after welding. The latter in turn 
depends on size of electrode, welding current, speed of 
welding, size and shape of joint, etc. In the May 1949 
issue of THE Wetpina JourNnaL, C. J. Osborn and 
others on “The Composition and Property Variation of 
Two Steels” state: “...it is also known that within 
a single heat of steel, and even within a single ingot of 
plate, there occur marked differences in composition.’ 

And so the case histories on sources of variation may 
be accumulated. Without exception, reports of all 
welding investigations which I have examined, recognize 
the presence of variation and its effect on the result. 


Resume of Statistical Techniques Used in 
Welding Field 
Much progress has been made in using the tools of 


modern statistical methods to account for variation 
in welding investigations as outlined by Butler,‘ 
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Clark,® Della-Vedowa and Rockwell,’ Hess and associ- 
ates,'? and Robinson.'* First, they have followed the 
practice of testing more than one specimen and summar- 
izing these by the mean (arithmetic average). Thus, 
the first principle of experimentation, the importance of 
taking more than one observation, has already been es- 
tablished. This need for multiple measurements, and 
even multiple tests, was appreciated as early as 1748 
when Hume (London) stated in “An Inquiry Con- 
cerning Human Understanding,” “...it being justly 
esteemed an unpardonable temerity to judge the whole 
course of nature from one single experiment, however 
accurate or certain.” In addition to the average, these 
welding writers have emphasized the necessity for 
presenting a measure of extent of the differences among 
the multiple observations. They agree that the most 
efficient measure of this is the standard deviation. 
Robinson! has shown quite simply how the standard 
deviation may be used to compute maximum and mini- 
mum limits for the average strength of spot welds made 
under certain prescribed conditions for a certain risk 
factor, say for a 1-in-20 chance that the true average is 
outside the computed range. This is one of the valuable 
contributions of statistics to experimental work, namely 
to provide a method of computing the estimate of the 
precision of experimental results. Clark? effectively 
describes the principles of statistical quality control 
and its application in aireraft spot welding. He con- 
cludes that it is obvious that statistical control is 
essential for maintenance of high strength and consist- 
ency and as a means of measuring fairly the general 
quality. 

One fundamental principle has been recognized and 
discussed, which should be emphasized as a basis for 
all that will follow. This is the principle of random 
selection for test work. Too much emphasis cannot be 
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placed on the importance of randomization. While 
numerous examples could be pointed out in the litera- 
ture on welding investigations where bias may have 
entered due to a systematic running of tests, all of one 
rod size, one chromium content before running second 
rod size, ete., the necessity for random arrangements 
welding investigation has been emphasized by 
certain investigators. Butler! urges precaution in 
sampling from which inferences are to be drawn 
choice of item without bias through random sampling. 
Clark® urges standardization of equipment and process 
within reasonable limits followed by random sampling 
since at least slight variations are bound to occur. 
Robinson"! likewise states that specimens for checking 
must be randomly selected. The interested reader will 
find deseriptions of other important statistical concepts 
and techniques in these welding references worthy of 
emphasis. 


STATISTICAL STRUCTURE OF 
WELDING INVESTIGATION 


Statement of Hypothetical Problem 


Before launching into the discussion of the statistical 
planning of a welding investigation, may I beg your 
indulgence regarding the hypothetical example to be 
used. Please do not be too concerned if it falls far short 
of reality, either in the statement of conditions or in the 
data concocted from a fictitious experiment. It is 
only a means of finding a half-way meeting ground for 
our cooperative thinking. Under no conditions should 
the “conclusion” be taken seriously. 

The problem: To study the effect of electrode size 
and chromium content on tensile strength of weld metal 
from different manufacturers. 
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The tensile strength of the individual welds might 
vary because of the effect of different levels of each 
of these three conditions; namely, electrode size, chro- 
mium content and manufacturer. These, we call assign- 
able causes of variation. It is desired to segregate and 
measure the variation in tensile strength caused by 
each of the three; also, joint effects of any two in 
combination or of all three combined. It is evident 
that not all of the variation will be accounted for by 
these. In other words, duplicates of the same size 
electrode and chromium content from the same manu- 
facturer will not show identical tensile strengths. This 
additional variation will be due to a number of unas- 
signable causes, such as machine, material, temperature 
conditions, humidity, ete. This residual, or so-called 
unassignable causes, gives a measure of the experimental 
error and must be evaluated for an appraisal of the 
It is only when the differ- 
ence between the effect of electrode size, or chromium 


results of the experiment. 


or manufacturer is measurably greater than the experi- 
mental error that a valid conclusion may be stated 
that one size electrode or one chemical content gives a 
higher tensile strength than another. 

The fundamental requirement for valid estimates of 
effect of the factors being studied and of the experi- 
mental error of test is that the observations be free from 
bias. The precision of unbiased estimates increases 
with the size of the sample. On the other hand, if a 
bias is introduced in the test, increasing the sample will 
not overcome it. To achieve unbiased estimates, the 
effects of all possible sources of uncontrolled variation 
must be randomized. This means that each and every 
specimen must have an equal chance of being selected 
at every stage of the test. The order of selection must 
be left to chance. While it may never be absolutely 
attained in practice, every effort should be made to 
approach the ideal. Its importance cannot be over- 
emphasized. 

Keeping foremost this fundamental requirement of 
no bias in our estimates and adopting the principles of 
randomization as the only means of avoiding bias, let us 
see how we would proceed with the investigation. 

After the selection of the controllable factors here, 
namely, (a) electrode size, (b) chromium content and 
(c) manufacturer, the next step would be the adoption 
for the experiment of a convenient number of levels for 
each of these factors. The range should cover mini- 
mum and maximum of special interest with intermedi- 
ate levels, depending on the factor under consideration 
This, as in the case of the controlled factors, will be 
decided on the basis of welding experience. The con- 
ditions of the selected factors in the example are: 
See Figure 1. 

Electrode sizes: '/s, and in 

Chromium: 0.3, 0.5 and 1.25%. 

Manufacturers: A and B. 

Automatic welding under uniform conditions. 

Welding current used for each manufacturer is its 
optimum. 


Duplicate tests required 


It is recognized that there are other factors which should 
be taken into account but it is important to keep the 
illustration as simple as possible. In the selection of 
the material for the test, precaution must be taken at 
every step to avoid bias. Wherever selections are to 
be made of seemingly like materials, a random method 
of selection would be used. New heats should be 
made for each time the test is repeated. So far, so 
good—the decisions have been made on the basis of 
technical welding experience and there has been no 
departure from the usual procedure in conducting an 
investigation except possibly the extreme caution in 
randomizing. 


Planning the Test 


We are now ready to proceed with the testing. Let 
us first take the classical one-at-a-time method of 
research and see what happens. By this scheme one 
factor alone is varied, with all other factors held con- 
stant; the partieular measurement at any one level 
of the factor being repeated until an assured estimate 
has been reached, then passing on to the next condition 
and repeating the process, etc. Using a standard or 
“normal” chromium level—say 0.5%, all made by manu- 
facturer A—the '/s-in. size electrode is tested, repeat- 
ing until an assured estimate, a “good” average, is 
found; then this process is repeated for the */j- and 
1/-in. electrodes. The same procedure would then 
need to be followed for the chromium content and for 
each manufacturer for information thereon. 

It is reasonable to assume that a gradual change or 
adjustment might have taken place in the test equip- 
ment over the period of testing. Welding literature 
states that this is often the case. Temperature or 
humidity conditions, or a number of other possible 
factors, may have changed. With the above system- 
atic order of testing, there would be no measure of such 
a change. The differences in tensile strength between 
the means of the '/s-in. specimens and that for the sub- 
sequent sizes would be hopelessly entangled with any 
progressive change in test conditions and with no possi- 
ble way of unscrambling the effect of the two causes. 
Hence, there would be no way of estimating the experi- 
mental error. In addition to the fact that the classical 
one-at-a-time method would not yield a valid estimate 
of the experimental error, it has other limitations which 
will be indicated later 

The question then looms: what shall be the alter- 
native? A phase of the modern science of statistics, 
the statistical design of experiments, will give the 
answer. This so-called “factorial experimentation” 
has been developed to a high degree, both from the 
standpoint of the basic mathematical theory and the 
variety of actual designs to cover a wide range of possi- 
ble conditions and modifications. This method of 
experimentation differs in two fundamentals from the 
classical one-at-a-time method. It includes within 
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the same run all possible controllable factors under 
study and requires randomization of all sources of 
error, including order of testing; hence, the term fae- 
torial. Thus, an accurate estimate of the magnitude 
of the experimental error is provided. By including in 
the same experiment as many as possible of the factors 
whose effects are to be determined (Reference 3, Chap. 
I), the maximum amount of information is available 
on each of the main factors, independently, and in 
conjunction with each other. 

Let us now look at this so-called factorial design for 
our problem. The general principles enumerated in 
this simple example will be equally true for the more 
complex ones having more than three levels for one or 
more of the factors and more than three factors. 

With three electrode sizes, three levels of chromium 
content and two manufacturers, there are 18 possible 
combinations, 3 X 3 X 2 = 18. We are equally inter- 
ested in all of the 18. 


Fig. 1 “A Factorial, 3 X 3 X 2 = 18 Combinations” 


Duplicate runs as a minimum will be required, making 
a total of 36 observations. 

The first complete test of 18 will be finished before 
starting the second. 

The electrodes in the second run should have come 
from different heats than were those in the first run. 
This precaution is to provide an accurate estimate 
of the true experimental error. The 18 combinations 
shall be tested in a random order with a different ran- 
domization for the second run from that followed in the 
first; this is to be done prior to starting the test. 
Drawing the numbers 1-18 from slips in a_ hat 
might be used. More conveniently, tables of random 
numbers are available (Reference 10, Table XXX). 

The order of testing, as listed in Fig. 2, would be 
followed for the first run. Fictitious values for the 
resulting tensile strength for each of the 18 are tabu- 
lated in Table 1. Fictitious tensile strength values for 
the later second run are also given. 

The statistical plan which has just been described 
is called the “Randomized Block” design. It is the 
simplest type. Each “block”’ is a complete replicate of 
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Fig. 2. Random order of testing 


all the possible combinations of the factors being stud- 
ied, tested in a random order. There are many statis- 
tical designs adaptable to more complex sets of con- 
ditions which not only provide for a valid estimate of 
error but increase materially the efficiency of investi- 
gations. References 3, 8, 11 and 17 are particularly 
valuable for a more complete understanding of this 
subject. Wernimont'* gives additional source material. 

The fundamental characteristics of “factorial” statis- 
tical designs are: 

1. The simultaneous study of several factors. 

2. Randomization of all sources of uncontrolled var- 

iability vielding a valid estimate of error. 
3. Repeated observations supplying an estimate 


Table 1—Combinations in Order of Testing with Observa- 
tional Data for Duplicate Tests (Fictitious Dita) 


3X 3 2 Combinations 

(Chromium-Electrode Size-Manufacturer 
Second run 
Order Combination Tensile Combination Tensile 

of tested strength, strength, 
Testing (Cr-E-M) pst. 'r-E-M) psi. 
1.2—' 77,800 80,600 
0: 76,700 76,500 
75,000 74,400 
80,600 76,400 
74,800 81,600 
80,700 78,200 
75,100 77,100 
76,000 73,000 
76,200 75,700 
74,000 77,600 
3 80,400 75,800 
1 
4 
1 


First run 


ue 


2 
3 
t 


78,800 74,800 
79,800 78,100 
78,300 79,000 
72,200 79,200 
76,200 78,800 
77,800 81,800 
79,200 79,400 


te 
9 


wor 
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of error and increasing the precision. 

4. Balanced replicates of the combinations of fac- 
tors. 

5. Repeated observations, that is, absolute repli- 
cations may be dispensed with where « large 
number of combinations is being tested and 
some several-factor joint effects are known to 
be insignificant. These wili furnish estimate 
of the experimental error 


Evaluating the Efficiency of the Factorial Plan 


Statistically designed investigations, as just outlined, 
would still be the most efficient to use if there were no 
better means of evaluating the data than the usual 
intuitive one of examining the mean values, drawing 
graphs, etc. Fortunately, the development of analyti- 
cal methods for handling the data have kept pace with 
the growth of the efficient methods of planning the test. 
In fact, enunciation of the fundamental, general prin- 
ciples of this methodology for extracting the maximum 
information from experimental data by R. A. Fisher® 
superseded the planning by several years and was the 
basis for the design theory. 

Before going on to the description of the statistical 
technique for evaluating the data of a factorial experi- 
ment, stock should be taken of the amount of informa- 
tion available from this plan. 

Our first interest will be in finding out how repro- 
ducible were the observations. Since the possibility 
of bias was eliminated by randomization, the difference 
in the duplicates will give the figures for computing this 
so-called experimental error. These differences are 


Table 2—Observational Data for Duplicate Tests by 
Chromium Content (Fictitious Data) 


Tensile strength, psi 
(data coded 10 


Combinations 


Cr-E-M) Ist run 2nd run Sum Difference 
1 2 3 
0.3 V/s A 77.6 153.8 1.4 
0.3 A 75.7 150.7 0.7 
0.3 \ 76.5 153.2 0.2 
0.3 B 75.8 150.9 —0.7 
0.3 s/he B 74.4 148.4 0.4 
0.3 B 73.0 145.2 
12 /902.2 
Mean 75.2 
0.5 I/ A 79.2 78.8 158.0 0.4 
0.5 / A 77.8 78.2 156.0 0.4 
0.5 14 A 78.3 79.0 157.3 0.7 
0.5 B 76.0 76.4 152.4 
0.5 B 76.2 77.1 153.3 0.9 
B 74.8 74.8 149 6 0.0 
12 (926.6 
Mean 
1.25-—"'/, A 80.7 81.8 162.5 
1 .25—*/16 A 80.4 80.6 161.0 0.2 
1.25—"/, \ 80.6 81.6 162.2 1.0 
1 .25—'/, B 78.8 79.4 158.2 0.6 
1. 25—*/16 B 79.8 79.2 159.0 0.6 
1.25—!/, B 77.8 78.1 155.9 0.3 


12 /958.8 

Mean 79.9 

Grand total 2787.6 
Grand mean 774 
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listed in Table 2. 
with negative signs appears to indicate that some un- 
known factor had introduced variation between the two 


The preponderance of differences 


runs. Since all combinations were in each run and 
were tested in a random order in each, this difference 
will be balanced out in studying the effect of changing 
the levels of the factors. The actual computation for 
the experimental error appears in the appendix 

To consider chromium content, we reshuffle the 
values in Table 1 into the three chromium groups as 
listed in Table 2. Of the 18 readings in each run 
(replicate), there are six at each of the three levels. 
Combining the duplicate readings gives 12 for each of 
these. In all other ways the combinations of electrode 
and manufacturer in the three sets are balanced. 
Therefore, comparisons of the totals of three sets will 
give a valid measure of the effect of altering the chrom- 
ium level. Our three average values (coded) are 75.2, 
77.2 and 79.9 psi. Note that we are basing the com- 
parisons on 12 independent determinations for each. 
As stated by Robinson" and others, the precision of an 
average increases with the number of determinations 
on which it is based. 

Those of you with a background of welding experience 
would intuitively be able to state conclusions with con- 
siderable confidence at this point. We will defer 
attempting this until the next section. 

Similarly Table 1 could be arranged into two parts 
by manufacturer. The first three in each of the chrom- 
ium groups are by A; the remaining three, by B. 
Thus, there would be nine electrodes in each, and with 
duplicates, a total of 18 each. These two sets are 
balanced by chromium content and electrode size 
The difference between averages 78.6 and 76.3 psi. 
indicate the manufacturing variation. 

In like manner the readings could be grouped by 
electrode sizes, three groups of six each in duplicate 
with all chromium levels and manufacturers balanced. 
This time the averages, 78.0, 77.4 and 77.0 psi., will give 
us a valid estimate of the effect of altering electrode 
size from '/, to to in. Again, each of our aver- 
ages are based on 12 observations and have the same 
precision as the chromium averages. Thus, with only 
36 determinations, we have measured the effect of 
three levels each of chromium and electrode size with a 
precision based on 12 observations, and of two manu- 
facturers with a precision based on 18 observations. 

It is important to note that each of these main com- 
paricons pertain not to any special set of the other two 
factors but are over-all effects for the ranges within 
which the two factors were taken in this experiment. 
Thus, comparisons of electrode size cover a range of 
0.3-1.25°%, chromium content for manufacturers A 
and B; likewise for chromium and manufacturer. The 
scope of our conclusions or inferences is much enhanced 
by this fact. It is evident that efficient use has been 
made so far of the 36 observations; but this is not 
all, for we have by no means exhausted the amount of 
information which is inherent in the 36 readings. Not 
only will the interest lie in the over-all effect of changes 
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in the levels of each factor, but also in the interdepend- 
ence of the influence of two or more of the factors, aptly 
called “interaction.” Will an effect of one factor, that 
is, a change in chromium on tensile strength, be the 
same for both small and large electrodes, or might the 
effect of chromiun be enhanced for small electrodes? 
In other words, are the effects of the levels of the dif- 
ferent factors additive? 

The family physician has a special word for such 
« built-up effect. He calls it synergism and gives 
as an illustration: morphine in '/s-grain doses has a 
certain positive effect on the patient; in '/y-grain 
doses, a greater effect. Likewise, hyoscine, another 
drug, will tend to have the same sort of an effect as 
morphine when given in '/ ;»-grain doses; but giving the 
patient a combined dose of '/s-grain morphine and 
hyosecine will have a profound effect far 
greater than would be the sum of the effects of the 
drugs if taken separately. On the other hand, certain 
levels of two factors may have a counteracting effect 
on each other so that the net result is less than either 
of the two taken separately. 

Our data will provide quantitative measures of the 
intereactions between the factors of the example. 

Below is the table of average values which are the 
basis for studying the interaction of electrode size by 
manufacturer. Note that each average in this table is 
based on six observations. 


Electrode size, in. 


Vanu- (coded X 10° * psi.) 

facturer is, All 
\ 78.0 78.8 78 6 
B 76.9 76.8 75.1 76.3 
Both 78.0 774 77.0 77.4 


For the A electrodes, the changes are 1.0 and —0.8 psi. 
for increase in electrode size; for the B electrodes, the 
corresponding changes are 0.1 and 1.7. Are these two 
sets of changes significantly different? 

A similar table is possible for the joint effects of 
manufacturer and chromium; likewise, the latter with 
electrode size, with averages based on four observations 
each 

Thus, vou have seen something of the scope of the 
information available from the 36 observations in a 
factorially planned experiment. Let us see how that 
compares With what would have been available had the 
classical one-at-a-time method been followed, limiting 
the testing to 36 specimens (hence the same cost. in- 
volved): 

(a) Chromiun. Vt the effeet of varying chromium 
were studied by the classical method, the other factors 
would have been held constant at one of the levels 
chosen as a standard. The same degree of precision 
as in the factorial would have required 12 determina- 
tions for each of the three chromium levels, a total of 
36 specimens tested. This is the number in the com- 
plete test above. Also the difference in tensile strength 
for chromium would have most likely been entangled 
with a bias because all of one level were tested consec- 
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utively before testing the next chromium level, ete. 
The scope of the conclusions regarding chromium would 
have been limited to one electrode size only and a 
single manufacturer; while by the factorial the scope 
was enlarged to a range of electrode sizes and two 
manufacturers. 

(b) Electrode Size and Manufacturer. The sample ot 
36 for varying chromium would have given precise 
estimates of one electrode size and manufacturer, but 
no information on the other sizes and source with which 
to compare these. 

(ce) Interactions or Joint Effects. No information 
whatever on the interdependence of the three levels; 
that is, the joint effects could not be derived from the 
36 specimens as tested by the classical method. This 
limitation places a serious handicap on effective experi- 
mentation. 

(d) And last, but by no means least, there would have 
been no valid estimate of the true experimental error of 
the test. No basis for judging the uncertainty of the 
signifieance of any apparent differences. 


ANALYSIS OF A STATISTICALLY 
PLANNED EXPERIMENT 


For the most part others who have written on this 
subject have concluded their papers at this point 
However, to do so leaves out a very important phase 
necessary to complete the picture, that is the statistical 
analysis of the data. In the preceding section it was 
indicated that the seasoned investigator would arrive 
at his conciusions intuitively from a combination of 
past experience and an examination of the observational 
data. There is, however, a statistical tool, a very 
powerful one, called the Analysis of Variance technique, 
for doing this objectively. Given this tool, even the 
young inexperienced man will not only be able to ex- 
tract the maximum amount of information inherent in 
the observational data of a factorially planned experi- 
ment but he will have the quantitative measure of the 
uncertainty of the conclusions which the data have 
justified. This, the intuitive method does not furnish. 

The Analysis of Variance states that the total sum 
of the squares of the deviations of the individual ob- 
servations from the mean (average) of all in a properly 
designed test, can be partitioned into the various sums 
assignable to the factors under control (called main 
effects), their joint effects and a remainder measuring 
the effect of uncontrolled factors. — In our example there 
are several possible causes of variation in the readings: 
three main effects —electrode size, chromium content 
and manufacturer; three two-factor joint effects 
electrode size with chromium and with manufacturer, 
ap chromium with manufacturer; one three-factor 
effect —the three combined; and finally, the variation 
between duplicate readings. The complete Analysis ot 
Variance of our example would be much too complex 
for presentation. In has been done, showing the arith- 
metic involved, but is relegated to an Appendix. It 
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would also be inappropriate to attempt a complete and 
detailed description of this method. The textbooks 
listed in references 6, 9, 11, 17 and others will furnish this. 

For demonstration purpose we will use the simplest 
possible case, which would be one factor only under 
study. Using the fictitious data, we will assume (1) 
that only the chromium content was allowed to vary at 
the three levels indicated, electrode size and source had 
varied in a random manner; (2) such runs of three levels 
of chromium were repeated 12 times each, each time in 
random order, yielding the 36 observations. Then 
the total variation in the 36 observations would be due to 
two causes: (1) the three chromium levels; and (2) 
random or uncontrolled factors for the 12 units within 
each level (Table 2). Thus, the total variation is 
equal to the variation between levels of chromium plus 
the variation among the individual items within each 
level. As stated above, variation is measured in terms 
of the sum of squares of deviations of the individual 
observations from the mean of all. If x stands for the 


individual observation in a sample of NV such observa- 
N 


tions, and Z for the mean of the NV items, then 3° (#—.)" 
would be the total sum of squares where >> is a summa- 
tion stgn. 

This may be expressed algebraically for our example 


as follows: 


12 
— £)* = — 2)* + — 


Where x represents the individual observation, Z is the 
mean of the 36 observations; F,¢, is the mean of a level 
of chromium, of which there are three; and the Greek 
letter sigma, a is the summation sign. 

Thus, for the 36 observations ¢ = 77.4. Then the 
deviations of each of the 36 individual readings from 
this mean, squared and summed, would be the total 
sum of squares mentioned above. For the coded data, 
this value is 206.56. It is this value which can be 
broken down into sum of squares due to the two sources 
of variation. A conventional, standard form has been 
devised for writing these down. Our total sum of 
squares is recorded at the foot of this table in the 
You will note that 
in the left-hand stub are listed the sources of variation 


column headed ‘Sum of squares.” 


us named above 


Analysis of Variance (Data Coded) 


Degrers 
of Sum of Vean 
Source of freedom squares square 
rariation 1 4 3 


Bet ween chromium 
levels 2 134. 33 67 16 30.68 
Within chromium 
levels (error 2 1889 P<0.001 
Total 206 56 Standard 
deviation 1880 
1 48 


Subtracting the general mean, 77.4, from each of the 
three means for levels of chromium in Table 2, squaring 
these differences, summing and multiplving by 12 as in 


the formula above, gives the sum of squares due to 
differences in levels of chromium. The ‘“within- 
chromium-levels” sum of squares can be found directly 
by the formula above where each of the 12 readings 
within a level are subtracted from their mean, squared 
and summed, and the three such totals combined. If 
the arithmetic is correct, this will check with the differ- 
ence between the total sum of squares in the foot of the 
table and that in the first row for chromium levels. 
This value, 72.2333, will give the measure of the error in 
the test. 

There are two other columns, (1) and (3), which need 
explaining. “Degrees of freedom” is the number of 
possible independent comparisons between the items 
of a group or sample, and is always one less than the 
number of items. Thus for three levels of chromium, 
there are two possible independent comparisons. 
We can compare the mean of the highest level with that 
of the lowest and these two with the mean of the middle 
level. The first would measure the linear relationship; 
the second, the curvilinear. It would be possible to 
break down the 134.33 into the part contributed by 
each of these two degrees of freedom. Usually this is 
of real interest to the investigator. For the ‘‘Within- 
chromium levels’? there will be eleven independent 
comparisons for each of the three levels. The degrees 
of freedom in the analysis, likewise, add up to that 
for the total, 2 + 33 = 35. Column (3), headed ‘Mean 
square,” is an average value, the quotient of columns 
(2) and (1). For chromium it is 67.16; for within- 
chromium, 2.1889. The mean square is the core of the 
Analysis of Variance technique. Its magnitude, as you 
see, depends on the magnitude of the differences from 
which it is computed; its precision, when estimating 
the experimental error, depends on the corresponding 
number of degrees of freedom. 

We can now complete the evaluation of the data so 
that “conclusions” may be drawn to which can be 
affixed quantitative measures of their uncertainties. 
The reasoning is as follows: if a factor does not have a 
significant influence, its mean square would be just 
another estimate of the experimental or error mean 
square and would be substantially equal to it, varying 
therefrom only by random errors. On the other hand, 
if the factor does have a real influence, its computed 
mean square will be noticeably larger than the error 
mean square since it will be due to both sources of error, 
the factor and random. 

We test this by finding the ratio of the mean square 
under scrutiny to the mean square of the experimental 
error: that is, 67.16 to 2.1889. Probabilities for such 
F-ratios have been computed, and tabled (Reference 
10, Table V) for judging whether or not the ratio is 
sufficiently large for changes in that particular factor 
to have had a significant effect. For our example, 
F = 67.16 2.1889 = 30.68. Referring to this standard 
table,'® we find for a ratio of 30.68 the probability, P, 
is less than 0.001. In other words the chance is very 
small, less than 1 in 1000, that a ratio as large as 30.68 
would have been due to random errors alone. The 
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conclusion drawn is that the amount of chromium con- 
tent has a real effect on tensile strength with the quan- 
titative measure of the uncertainty of this conclusion 
less than 0.001. So small a chance of being wrong 
places a high degree of confidence in the conclusions. 

The relative importance of chromium as a source of 
variation in tensile strength can now be evaluated. 
If, from the mean square 67.16 we remove the part due 
to random causes, the error variance (mean square), 
the remaining part will measure the true chromium 
effect called “variance.” Reference 3, Chapter 10, 
has an excellent treatment of this. 

The true chromium variance is = 5AL 
Variances have the desirable characteristic of being 
additive (standard deviations are not). Therefore we 
can express the relative importance of the chromium in 
this way, using V for variance: 

Ver X 100 541X100 

Vor +V error ~ 5.41 + 2.19 ~ 
Thus, it is estimated that 71°; of the variation in weld- 
ing under these conditions will be due to differences in 
levels of chromium. This process applies equally well 
where there are several factors as shown in the appendix. 
This type of information is highly valuable in the plan- 
ning of subsequent investigations; in evaluating the 
importance of factors causing variation in factory pro- 
duction; and in setting specification limits. 

And finally the square root of the error variance, 
V 2.1889 = 1.48, is the experimental error, the best 
estimate of the standard deviation for measuring 
the precision of the individual mean values. Using 
this, it would be possible to determine which of the 
three average values differed significantly. 


SUMMARY 


Thus we have two entirely different approaches for 
carrying on research: the traditional one-at-a-time 
holding all else constant, and the factorial which 
has been described herein. The former classical 
approach is searching along a narrow path with a metic- 
ulous avoidance of side issues. Under carefully con- 
trolled test-tube conditions this narrow path is con- 
tinued until an answer is reached, hopefully deemed 
satisfactory, with fingers crossed. 

Instead of this piecemeal way of attacking a problem, 
as if causes and effects formed a daisy chain to be 
counted off one at a time, the factorial makes a vigorous 
attack on all the possible causes at the same time under 
reasonably normal conditions. They are all thrown 
into the same hopper. To the uninitiated, it might ap- 
pear that this gives a garbled mixture impossible of 
unscrambling. However, back of this seeming con- 
fusion there will have been preliminary and purposeful 
mixing or planning, completely balanced in details, 
with complete directions, the Analysis of Variance 
technique for the unscrambling. Such a plan will 
yield measures not only to the effects of the individual 
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“Classical one- at-a-time Method of Testing” 


causes but their joint effects as well. An added ad- 
vantage is the fact that under this way of doing research, 
things can be studied under normal working or factory 
conditions. There is not the risk involved in having 
to translate test-tube results to reality. 


Fig. 6 Factorial method of testing 
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Glossary 


1. Assignable Causes of Variation—Those factors 
under study whose variability is controlled. 


te 


De grees of Freedom The number of pe ssible inde- 
pendent comparisons that can be made in a 
set of observations. 

5. Expe rimental Error—An estimate of variation 
caused by the uncontrolled factors in an experi- 
ment. 

4. Factorial Design—One in which all the possible 
compositions or combinations of the factors 
being investigated are included in one test. 

5. Interaction—The mutual effect of two or more fac- 


tors on one another's action. Their joint effeets 


are not the sum of effects of the several factors 
taken singly. 

6. Main Effects—The direct effect of any factor or 
agent without reference to the effect of other 
factors 


7. Mean—The arithmetic average of a set of observa- 
tions. 

8. A random sample is one drawn in such a manner 
that every item has an equal chance of being 
selected. A random sample is unbiased 
selected “blind.”’ 

9. Randomized Block Design—The simplest type of 
factorial experiment in which all combinations 
of factors under control appear in a single test. 

10. Standard Deviation—The root mean square of the 
deviations of the individual measurements from 
their mean; hence, the square root of the vari- 
ance. 

11. Random Error 
controlled in the experiment. 

12. Variance is the mean value of the squares of the 

deviations of the observations from their mean. 


The variation due to factors not 


Appendix 


Example to Illustrate the Analysis of Variance of 
Data from a Factorially Designed Experiment 


(A Hypothetical 3 X 3 X 2 Electric Welding Problem) 


Conditions of Experiment 


Three levels of chromium: 0.3, 0.5, and 1.25‘ 
Three electrode sizes: and '/, in. 
Two manufacturers: A and B. 

Duplicate runs, that is, two replications. 

3X 3 X 2 = 18 combinations. 

2 X 18 = 36, total number of observations. 
Original data: Tensile strength coded. 


Steps in Computation 


1. The total sum of squares is found by squaring 
each result and summing. The sum must be adjusted 
for the grand mean, called the correction factor, C. C 
= n(x)? = 36(77.43333)? = 215853.16. The total sum 
of squares is then: (75.0)? + (74.0)? + (75.7)? + + 
(74.8)? — C = 206.56 

2. The main effect “chromium content” is found by 
The sum 
of the three squares is multiplied by the number of 


squaring the mean of each chromium content. 


items which went into a mean. The sum of squares 
must be —, for the grand mean. Thus, using 
Table 2: 12[(75.2)? + (77.2)? + (79.9)?] — C = 
134.3267, the sum of squares due to chromium. In 
the actual calculations the means were not rounded as 
shown here. 

In a similar manner the sum of squares due to the 
manufacturer is: 18[|(78.6)? + (76.3)?] - C = 
48.5344. 

Also the sum of squares due to electrode: 12{(78.0)? 
+ (77.4)? + (77.0)?| — C = 6.4867. 
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3. To obtain two-factor-interaction sum of 
squares, the two-factor table of mean values is needed, 
similar to the Table A, for the Cr X E interaction term. 


Table A—Mean Tensile Strengths for Computing Joint 
Effects of Chromium Content and Electrode Size 


Chromium Electrode size, in. 
0.3 76.2 74.8 74.6 
0.5 77.6 77.3 76.7 
1.25 80.2 80.0 79.5 


The mean values are squared and the sum multiplied 

by the number of items going into a mean. From this 

sum is subtracted C and the sums of squares of the two 

factors, Cr and E. 

4[(76.2)? + (74.8)? + ... + (79.5)?] — C — 134.3267 
— 6.4867 = 1.9817 


The two-factor table, 2 xX 3, of manufacturer and 
chromium yields the M X Cr interaction sum of squares. 
Similarly, a 3 X 3 table yields the M X E interaction 
term. The three-factor interaction term is obtained by 
using the three-factor table. 

4. The error term or the sum of squares due to the 
duplicates is obtained by taking the differences between 
the first and second ran for each condition as in Table 2. 
These differences are squared and summed. The sum 
is divided by 2, thus: 


'/s[(—1.4)? + (—0.7)? + + (—0.3)?] = 4.3100. 


DISCUSSION 


Thus the sum of squares for each of the listed sources 
in Table B was computed independently and recorded 
in Column 2. It is an extremely gratifying fact that 
the sum of these will always equal the total sum of 
squares as computed in Step 1 above. Likewise, sum- 
ming the number of independent comparisons, the de- 
grees of freedom add up to the total possible compari- 
sons Which is one less than the sample size of 36. The 
degrees of freedom for joint effects are the product of 
those for the corresponding main effects. Being able 
to partition the total variation into the contribution 
of the several components, makes the Analysis of Vari- 
ance technique the most powerful tool of modern statis- 
tics. 

The mean square will in each case be the sum of 
squares divided by its respective degrees of freedom. 
These mean squares are the basis for drawing inferences, 
for they are the quantitative measures of the effects on 
tensile strength of varying the levels of each of the con- 
trolled factors and of their effeet in combination. The 
duplicates furnish an estimate of the variance of the 
test. Reading from Table B, this is 0.2394. 

As explained in the body of this paper, the variance 
ratio is the basis for evaluating the significance of a 
This phase of the analysis will only 
Starting at the bottom 


particular effect. 
be briefly touched upon here. 
of Table B, the three-factor-interaction mean square, 
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Table B—Analysis of Variance of a 3 X 3 X 2 Factorial 
Experiment for Investigation of Tensile Strength in 
Electric Are Welding (Fictitious Data) 


Degrees 
of Sum of Mean 
Source of variation freedom squares square 
(1) (2) (3 


Main effects 
Chromium content, Cr 2 
Electrode size, E 2 
Manufacturer, M 1 


134.3267 67. 163 
6 4867 3.243 
48.5344 48 534 


‘Two-factor interactions 


Cr X E (2 X 2) 4 1.9817° 0 4954 
Cr X M (2 X 1) 2 0.5489* 0.2744 
E X M (2 X 1) 2 9.5355 4. 7678 
Three-factor interactions 
XE(2x2~x 1) 0.8361° 0. 2090 
Duplicates (exp. error) 18 +. 3100* 0 2394 
Grand total 35 206.5600 


* Pooled for new estimate of error variance, 0.2742. 


0.2090, is slightly less than the experimental mean 
Hence, there is no evidence 


square (variance), 0.2394. 
of a significant change in tensile strength due to the 
combination of the three factors—electrode size, 
chromium and manufacturer. Of the two-factor inter- 
actions, the only mean square sufficiently large to yield 
a significant ratio is 4.7678 for the eleetrode-manufac- 
turer interaction. The computed chance is less than 
1 in 1000 that so large a ratio would have been due to 
sampling alone. Hence, we would “conclude” on the 
basis of this experiment that the combination of the 
sizes of electrodes from the two manufacturers did not 
show the same effect on tensile strength; the effects 
were not additive. An examination of the means previ- 
ously given indicates that for A electrodes there is little 
change in tensile strength for different sizes; for those 
furnished by B, there was a definite change with size. 
It would be appropriate at this point to pool the sum of 
squares of the experimental error and all the interactions 
that were not significant for a revised estimate of error 
mean square (variance). Pooled, these would be 
Cr X M,E XC, E X Cr, E X Cr X M, and the experi- 
mental error yielding a variance of 0.2742 with 28 de- 
grees of freedom. The increase of 28 over the 18 gives 
a definite improvement in precision. 

Next we will consider the main effects. 
mium mean square, 67.163, is many times larger than the 


The chro- 


estimated error variance, 0.2742, which includes all the 
interactions of chromium with electrode and manufac- 
turer. Hence, there is a real effect of chromium on ten- 
sile strength, for the chance is very small, less than 1 in 
1000 that the difference in tensile strength for chromium 
might have been due to random variation. 

Let us examine the eleetrode mean square, 3.243. It 
is larger than the error variance but not as large as the 
interaction of manufacturer and electrode interaction, 
4.768. This means that differences in tensile strength 
due to electrode size are not consistent for the two 
manufacturers, and so a generalization would not be 
valid. The ratio of the mean square for manufacturer 
18.53, to either error variance or the M X E interaction 
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4.768, is sufficiently large to draw the inference that 
there is a real difference in tensile strength between 
sources of electrodes, al! sizes, and chromium levels, 
with a very small chance, less than 1 in 1000, of being 
wrong. Electrodes made by A have the greatest ten- 
sile strength. 

Because the chromium mean square is larger than 
that for manufacturer, 67.16 against 48.53, does not 
necessarily mean that chromium effect is the more 
important. We must disentangle from these the error 
variance present. The resultant values will be the 
estimates of the true or “pure” effect of each. The 
individual variances can be computed from the observa- 
tional data of an adequately planned experiment. (See 
Reference 3, Chap. X, for the theory on this.) As 
stated previously, variances have the very desirable 
characteristic of being additive. Thus, if the vari- 
ability in some quantity —say tensile strength—is due 
to a number of independent sources, the total variance 
of tensile strength would be the sum of variances arising 
from these different sources. The total standard devia- 
tion of the test would then be the square root of this 
sum of the variances. The resulting, estimated true 


variances for our example are: 


Estimate 
of true 
variance 
Chromium 11.1482 63.2 
Manufacturer 4.9476 28.1 
Manufacturer X electrode (and E) 1.2438 7.1 
Error 0.2742 1.6 
Total 17 6138 100.0 


Thus, chromium has by far the most important effeet 
on tensile strength, accounting for 63% of the total 
variance; manufacturer, a substantial effect, 28%; 
interaction of electrode size and manufacturer, 7°%; and 
the error variance, less than 2%. This information 
can be extremely useful as pointed out in the text. 

The possibilities of information from such a planned 
investigation have been indicated in a very general way 
only. There is much more specific information which 
could be gained from this initial Analysis of Variance 
breakdown. For example, one might be interested in 
a further breakdown of the degrees of freedom for 
chromium, which was significant, to determine whether 
the effect was linear only or curvilinear. 
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Abstract 


Anode spots are formed in a d.-c. are system when one elec- 
trode in the form of a flat steel tape is moved at high speed 
relative to the other electrode in the form of a rod. The number 


of spots formed per second and the areas of the individual 
spots are determined over wide ranges of tape speed and are cur- 
rent The surface melting rates thus obtained give a picture of 
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eat Effects in Anode Spots ol 


9 A method is proposed for evaluating the rate of energy 
to the anode surface. 
rates with standard heat-flow equations may be possible 


High-Current Arcs 


Correlation of melting 


the energy distribution in the anode spots and its effectiveness 
in melting the steel tape. Highest melting efficiencies are 
shown to exist at the higher tape speeds. Apparent current 
densities in excess of 9000 amp. per square centimeter are in- 
dicated at the anode. Correlation of melting rates with stand- 
ard heat-flow equations may be possible at higher speeds. 


INTRODUCTION 


HE School of Electrical Engineering of The Johns 
Hopkins University has been carrying on for some 
time a research program dealing with the funda- 
mental characteristics of high-current ares. This 
program is under the sponsorship of the Office of Naval 
Research and has as its objective the development of 
new information which will lead to a better under- 
standing of are phenomena. It is an inherent part of 
this program that the results of the work be made known 
to all who may be interested in are behavior so that by 
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free discussion and further experimentation the fron- 
tiers in this field may be broadened. 

A previous paper' has described a portion of this 
work which would seem to be of particular interest 
to those who use the are for welding and cutting pur- 
poses. It was shown that a stable d.-c. are could be 
maintained between a fixed electrode in the form of a 
rod and a moving electrode in the form of a flat steel 
tape even when the speed between the two electrodes 
Was many times in excess of normal welding speeds. 
With the electrode at negative polarity and the tape 
positive, the track left by the are on the moving tape 
Was not continuous but consisted of a line of melted 
spots of uniform size and spacing. These were called 
anode spots since they seemed to represent the source 
of greatest activity of the are as it transferred from one 
location to another in moving along the anode surface. 
The possibility of using the anode-spot phenomena as a 
new approach to obtaining a better understanding of 
the basic-are mechanism has been explored,?~* and it 
is the purpose of this paper to give a bnef presentation 
of the progress of experimental work carried on in this 
connection during the past vear. In analyzing the 
results of this work it has been possible to draw conclu- 
sions of only limited extent. It is hoped, however, that 
a presentation of the experimental results as they are 
obtained may give rise to discussion and suggestions 
from those working in this field so that the course of 
further experimental work may be charted in the 
direction most likely to lead to a solution of some of the 


are problems. 


APPROACH TO THE PROBLEM 


The distribution of the are energy at the anode surface 
determines in a large measure the effectiveness of the 
are in melting the work material. This distribution of 
is determined by the area over which the cur- 


energy 
», the current density. 


rent enters the anode surface, 1.¢ 
If the current enters the anode over a_ sufficiently 
broad area, little or no melting of the surface would 
occur since the heat would be carried away at a too rapid 
rate by radiation, conduction, ete. Conversely, if the 
current density is sufficiently high, the metal is brought 
to the melting point quickly and the melting proceeds 
at a rapid rate often producing excessive spattering and 
an unstable are. 

The line of anode spots produced by the high-speed 
electrode system seems to offer a method for obtaining 
some picture of the order of magnitude of the current 
densities involved and, at the same time, the heat effects 
produced thereby. The method is to determine the 
number of spots formed per second and the area of the 
individual spots over a range of speeds and currents. 
The increase in area of the spots with time gives a meas- 
ure of the lateral melting rate produced by the are on 
the anode surface which is a function of the energy 
distribution at the surface. Also, dividing the total 
are current by the area of the individual spots gives a 
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picture of the probable order of magnitude of current 
densities involved. “The data obtained in this manner 
when plotted in curve form for various speeds and cur- 
rents appear to offer possibilities for a quantitative 
evaluation of some of the heat effects of the are and the 


controllable factors which govern them. 


EXPERIMENTAL METHOD 


All of the tests were conducted with straight polarity, 
e., the electrode negative (cathode) and tape positive 
(anode). A! 4-in. diameter carbon rod was used as the 
cathode and 0.028-in. thick by 1-in. wide mild steel tape 
formed the anode. The separation of the electrode from 
the tape was ' , in. and a welding generator set was used 
as the source of power. A complete description of the 
test apparatus has been covered in previous papers.! 
The speed of the tape was varied from about 35 
to 400 ft. per minute. 
range, runs were made at eight values of current, rang- 
Following each series of tests, 


For each value of speed in this 


ing from 50 to 200 amp. 
the tape was removed and measurements were made 
on the line of anode spots left by the moving are. The 
number of spots per revolution of the tape could be 
counted and knowing the revolutions per minute of the 
lathe spindle, the number of spots per second could be 
determined. The area of individual spots was meas- 
ured using a calibrated microscope. 
MELTING RATE IN ANODE SPOTS 

A single anode spot is shown in Fig. 1. The area 
melted is clearly defined and can be acturately meas- 
ured with a microscope. Figure 2 shows the variation 
of the area of the individual anode spots with the total 
are current. The results indicate a linear increase 
with current for each electrode speed. At a constant 
current the individual areas become smaller as the 
speed is increased. The linear relationship with cur- 
rent indicates that over the speed and current ranges 
covered the heat which is causing the steel surface to 
melt is not an [?R type heating but rather an EI 


Fig. 1 Anode spot magnified 30X (actual diameter mm.) 
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type heating. This means that the energy necessary 
to cause the melting is produced by charged particles 
forming the current, falling through the potential drop 
at the anode surface. If the anode drop remains con- 
stant, then the power input is a linear function of the 
eurrent. 

Taking data from the curves of Fig. 2 and combining 
this data with the number of anode spots per second as 
shown in Fig. 3, the curves of Fig. 4 are obtained 
These show the rate of melting of the anode surface as 
It is seen that the 
lateral rate of melting increases in an approximately 
linear manner as the electrode speed is increased. This 
indicates that the heat which produces melting of the 


a function of the electrode speed. 
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Fig. 4 


anode surface is most efficiently utilized at high rates of 
relative electrode speeds. 

The variation of the area of individual anode spots 
with electrode speed is shown in Fig. 5. The curves 
appear to be of the form of equilateral hvperbolas tend- 
ing to become asymptotic to some value of area at elec- 
trode speeds greatly in excess of those reported here. 
Using the data from these curves and from Fig. 2 it igs 
possible to obtain a relationship between the area of 
the individual anode spots and the time in milliseconds 
that the are is burning in each spot. These curves 
are shown in Fig. 6 at 60, 100, 140 and 180 amp. The 
intercepts of these curves with the horizontal time axis 
should give a measure of the time required to begin melt- 
ing the steel surface in an anode spot at each occasion 
Such 


data may then be correlated with standard heat-flow 


when the are forms at a new location on the tape. 
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equations as indicated below. To obtain such inter- 
cepts, however, tests at considerably higher speeds 
must be carried out. Design of apparatus to make 
these tests is now in progress. 


ANALYSIS OF RESULTS USING 
HEAT-FLOW EQUATIONS 


An attempt was made to correlate the results de- 
scribed above concerning the rate of growth of melted 
area in an anode spot with standard heat-flow equations. 
This necessitates an assumption regarding the manner 
in which the current enters the electrode. The first 
assumption made was that the current entered at a 
point and all of the heat was produced at this point 
Taking the steel tape surface as a semi-infinite solid at 
zero initial temperature, the equation for this condition 
is as follows 

4rkrt 
erfe (r/ V 408) 
where 

specific heat, cal./gm C. = 0.087. 
thermal diffusivity, em.~?/sec. = 0.071. 
melting point of steel = 1500° C. 
radius of melted area, cm. 
time required to melt surface to radius r. 
heat input, calories ‘sec. 

erfe = error function. 

Values of k and @ were taken at 600° C., this being con- 
sidered as the average temperature from a cold surface 
to the melting point at 1500° C. 

Substituting the experimental values from Fig. 6 in 
this equation, produced values of calories per second in 
excess of 15,000 as being the heat input to the anode sur- 
face necessary to produce spots of the observed area. 
This is better than twenty times the total heat output 
of the entire are and indicates clearly that the current 
does not enter at a point but rather over a finite area. 
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It also indicates that the volume radius of the melted 
metal is less than the surface radius. 

Assuming that the current enters over an area A, 
the time required to produce melting at the center of 
the area is given by the following equation 2 

330000 A? 
where 

@ = time in milliseconds. 

A area in sq. mm. over which current enters. 

p power Input, watts. 

This appears to offer the greatest possibility for correla- 
tion of experimental results with theory since the inter- 
cepts of the curve of Fig. 6 with the horizontal axis are 
a measure of the times for initial melting. Knowing 
these times, the power input per unit area at the anode 
could be computed giving a measure of the energy dis- 
tribution in the are. Calculations based on estimated 
times show good correlation with the known energy of 
the are. As mentioned above, to obtain these inter- 
cepts will necessitate tests at considerably higher speed. 


CURRENT DENSITY TESTS 

The current density at the electrode surface is one of 
the most important are parameters and one of the most 
difficult toevaluate. The definite outlines of the melted 
area in the anode spots, as shown in Fig. 1, offer an 
approximation to the area over which the current is 
entering the anode spot. This, of course, may not be 
true area since the current may enter in a smaller or 
larger area than indicated by the melted anode spot 
However, it should indicate the order of magnitude of 
current densities involved to a closer degree than can be 
obtained using a stationary electrode system. 

Referring to the values thus obtained as “apparent 
current densitv,”’ the results at three arc currents are 
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Fig. 7 Variation of apparent current density with speed 
of the moving tape 
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shown in Fig. 7. It is seen that the apparent current 
density increases in an approximately linear relationship 
with the electrode speed showing some tendency to level 
off at speeds in excess of 400 ft. per minute. This indi- 
cates a final asymtotic value of current density in excess 
of 9000 amp. per square centimeter. Tests at higher 
speeds are planned in order to obtain a better evaluation 
of the final value. 

The variation of apparent current density with cur- 
rent at various electrode speeds is shown in Fig. 8. 


These curves indicate that the apparent current density 


is approximately constant at a given speed 


CONCLUSIONS 


Systematic measurements on the line of anode spots 
formed in the track left by a d.-c. are on a moving elec- 
trode have indicated the following: 

1. The rate of growth of the area of individual spots 
offers possibilities for evaluating the rate of energy input 
to the anode surface and its distribution on the surface. 

2. The area of individual spots when multiplied by 
the number of spots per second gives the total surface 
areas melted and is a measure of the lateral melting 


efficiency of the are. The results indicate higher 
efficiencies at the higher speeds. 
3. Determinations of apparent current density 


show values in excess of 9000 amp. per square centi- 


meter, tending to increase with electrode speeds, 
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HE Geiger counter, famed for its 
ability to detect uranium and other 


radioactive materials, and also as an powerful X-ray 


Atomic Scientist’s Aid Finds New Job Counting Alloy Factors in Steel 


of a special kind, that emanate from a steel 
sample when its atoms are ionized by 


Measure- 


ment of the quantities of the various rays 


ments present in the specimen 


emitted is a short-cut to chemical analysis. 
“Work in this field has been handicapped 


aid to nuclear physicists in atom-smashing 
development, has found a new and ex- 
tremely useful job in the steel industry 

It has been adapted by scientists of th 
Research Laboratory, United States Steel 
( ‘orp . of Delaware, to the developm nt of 
« quick and accurate method of analyzing 
steel samples. After careful calibration for 
many specific problems, many of which are 
vet to be solved, Geiger counter analysis is 
expe cted to be even faster than the direct- 
reading spectrograph, which is itself a 
recent deve lopme nt in me tallurgical analy- 
sis. In the laboratory studies, it is used in 
conjunction with special spectrographic 
equipment and has achieved a measure of 
success in revealing quickly the kind and 
quantity of alloying elements in steel 

This does not mean that the chemical 
elements which are combined with iron to 
make steel are radioactive, as might be 
inferred from the Geiger counter’s more 
celebrated job As it is capable of detect- 
ing and measuring radioactivity, this re- 
markable instrument is capable also of 


measuring invisible fluorescent rays, each 
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The sample's iron atoms and the atoms 
of alloying elements are not smashed in 
the analysis process, as might be expected 
In fact, the steel sample is in no way 
harmed or changed 

In many ways it is really simpler to 
make a Geiger counter analysis than an 
ordinary chemical or a speetrographic 
analysis of ste el Almost any piece of 
steel that has a flat surface will do for the 
purpose, so long as it is reasonably clean 
Thus analvsis might be made of a random 
section of steel rail, the bottom of a cook- 
ing pot, a knife blade or a flattened mass of 
steel file dust 

“It has long been known that chemical 
analysis is possible from fluorescent or 
secondary X-rays,”’ explained Dr. James 
B. Austin, director of research and head 
of the United States Steel laboratory, 
Kearny, N. J 


may be bombarded with electrons or 


“In principle, a specimen 


X-rays strong enough to ionize the various 
atoms; the process of electronic rearrange- 
ment of these atoms gives rise to X-rays 


which are characteristic of the several ele- 
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by the lack of intense X-ray sources and 
the necessity in the past of measuring the 
intensities of the rays by the blackening 
of photographic film Even with crude 
equipment, howe ver, if has been possible 
to detect elements of middle-atomic weight 
In quantities 4s low as one-hundredth of 1 
percent of the specimen being studied. To 
accomplish this it Was necessary to mount 
the specimen directly on the target of an 
X-ray tube, to use film exposures over 
many hours and rigidly to control film 
processing and dk nsity measurement, 
With the advent of stronger X-ray tubes 
and the Geiger counter, this type of 
fluore scence analysis has become re latively 
simple and much more useful.”’ 

A 20-milliamp., 50-kv., 
target X-ray tube is used in the 


States Steel laboratory studies 


molybdenum 

United 
The ray 
floods the steel specimen, exciting s¢ cond- 
ary rays Which are characteristic of the 
chemical elements alloyed with iron in the 
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by W. B. Kouwenhoven and 
W. T. Sackett, Jr. 


INTRODUCTION 


HEN two metallic surfaces are brought into inti- 
mate contact with each other, the surfaces never 
make perfect contact over the entire area. In- 
stead the actual contact occurs only at small sub- 

areas. This phenomenon is known as contact resist- 
ance. It is important in resistance welding and other 
applications such as electrical contacts and switches. 

Contact resistance may be considered as consisting 
of two parts. They are the resistance offered to the 
current flow by the areas in actual contact, and the 
resistance set up by the nonuniform flow of current 
through the material. The first is called the contact 
resistance proper, and the second the spreading resist- 
ance. The contact resistance proper is affected by the 
surtace finish' and the presence of absorbed gases, 
oxide films, grease films, ete., on the surface. The 
contact resistance? is also affected by the pressure 
applied to the surfaces, the temperature and the current 
density in the areas in actual contact. 

This paper presents the results of a study of the 
phenomenon of spreading resistance and its contribution 
to the total resistance of contacts. The description 
of the experimental investigation is given, and then the 
results are discussed and compared with theory. The 
work was made possible by the Resistance Welding 
Fellowship established at the School of Engineering of 
The Johns Hopkins University by the Resistance Weld- 
ing Committee of the Welding Research Council. 


SPREADING RESISTANCE 


When uniform current flow occurs in a specimen, the 
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Electrical Resistance Offered to 
\onuniform Current Flow 


® Contact resistance consists of resistance of actual 
areas in contact on the resistance set up by nonuni- 
form flow of current though material. 
this latter type of resistance is covered in this paper 
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The results of 


current density is the same throughout the specimen. 
The resistance R of the specimen may be written 
R = p (lA); where p is the specific resistance, | the 
length and A the cross-sectional area. 

It is well known that current flow in a specimen with 
a constriction is not uniform. The current follows 
definite stream lines and the current density in the cor- 
ners is reduced. Figure 1 shows a plot of equipotentials 
and flow lines determined experimentally on a brass 
strip with a sharp constriction. Note that the flow 
lines become substantially parallel within the dimen- 
sions of the strip width from the constriction The 
spreading resistance is due to the reduction of current 
density in the corners which contributes an increase in 
the resistance. 

In a contact between two clean metal surfaces, where 
no film exists at the interface, the only resistance present 
at the contacts is the spreading resistance. The actual 
contact area will be much smaller than the apparent 
contact area because of surface irregularities; the 
spots where actual contact occurs will be randomly 
distributed over the apparent contact surface; and the 
current constricting effect of these spot contacts con- 
tributes the total contact resistance in this case. Inci- 
dentally, in this case, the contact members adhere as if 
welded at the spot contacts.? Such contacts can be 
realized only between metals which have been cleaned, 
completely degassed and maintained in a vacuum. 


EXPERIMENTAL INVESTIGATION 


In all electrical contacts the spreading resistance is of 
fundamental importance. It was decided to study the 
spreading resistance independent of the contact resist- 
ance proper. An experimental and theoretical investi- 
gation was undertaken with the following aims: 

1. To determine the magnitude of the spreading 
resistance as a function of the size of the con- 
ducting spot or constriction. 

2. To find for a given constriction the relationship 
between the spreading resistance and the 
resistivity of the material. 
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Fig. 1 Equipotentials and current flow lines on a metallic 
strip with a constriction 


To determine the effect of the location and shape 
of the constriction on the spreading resistance. 


Although an analytical approach to the first question 
is possible, the mathematicals involved are rather com- 
plex. In setting up the equations and summing the 
series encountered, it is necessary to make certain 
simplifving assumptions, among them that the spread- 
ing resistance for a given constriction is proportional 
to the specific resistance of the material. An exact 
analytical solution of the third question is not possible 
An experimental verification was therefore desirable. 


SPECIMENS 


The method adopted for the study of the spreading 
resistance was to determine the increase in resistance 
produced by making lathe and saw cuts of different 
depths in the central section of round rod specimens. A 
specimen is shown in Fig. 2. Each specimen was first 
checked for uniformity of diameter and_ resistance 
The uniform rod was then immersed in an oil bath and 
its resistance, between two fixed knife edges 8 in. 
apart, accurately measured in a Kelvin Bridge. The 
next step was to reduce the area of the central section 
of the rod for a length of '/2 in. When this was com- 
pleted the resistance was again measured between the 
two knife edges. 

If the resistance of the rod for uniform current 
flow per unit length of an area A be designated as 
R,, the total resistance, 2,, for a specimen whose central 
section is of reduced cross section can be divided into 
and R,. Where Ral; is the 
resistance of the length J; of cross section A, and R gol. 


components Rah, Rae's 


is the resistance of the length i of cross section Ae. 

These two resistances may be calculated on the basis 
of the known dimensions, and the specific resistance. 
Then from the measured value of FR, the spreading 


ond R TOTAL ~ 


Ai 


| 


Fig. 2) Round rod specimen 
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resistance, #, may be computed from the equation: 
Ral, + 


The specimens were made mainly from round stock, 


of diameters of */s, 4/4 and Lin. In addition a number 


of flat specimens were studied. The materials used 
included copper, aluminum, brass, bronze, iron, nickel, 
Everdur and copper nickel. This provided a range in 
specific resistance from that of copper with 1.78 xX 
ohm-em. to copper nickel with 37.6 ohm- 


em 


APPARATUS AND TECHNIQUES 


The method of measurement used was a difference 
method, and therefore it was important to obtain as 
high a degree of accuracy as possible. A Kelvin Bridge 
circuit was chosen for the work and the resistances were 


measured with direct current. 
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Fig. 3 Kelvin double bridge circuit 


The Kelvin Double Bridge used was designed and 
built to handle specimens ranging from 18 micro-ohms 
(the resistance of an S8-in. length of °/s-in. diameter 


copper rod) to 500 micro-ohms for the higher resistance 


specimens. This bridge had a sensitivity of one part in 
10,000. 
The bridge circuit used is shown in Fig. 3. The 


A and 


S,; and Ss are switches 


unknown resistance is X and the standard, S; 
B and a@ and 8 are ratio arms 
that are used in the manipulations of the bridge. The 
balance equation is given by the expression: Y = 
(A/B) S. 

In this bridge an uncertainty of 1° in temperature in 
either measurement would introduce an error of roughly 
four parts in 10,000. In order to minimize this error 
as much as possible it was decided to use as the standard 
resistances, S, uniform rods of the same diameter and 
material as the specimen. The resistance of each 
standard was chosen so as to make it possible to operate 
the bridge close to the correct ratio for maximum sensi- 
tivity. 

Standards for each material tested were constructed 
and the resistance of each specimen both before and 
after cutting was measured in terms of a given standard 
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Fig. 4 Spreading resistance in ohms for two rods of 


different diameters having varying constrictions 
of the same material. These standards had the same 
temperature coefficient as the specimens and were 
immersed in the same oil bath. The temperature prob- 
lem was thus simplified. 

Care was taken in the operation of the bridge to pre- 
vent local heating caused by too large a current through 
the unknown, X, and the standard, S. At all times the 
accuracy Was better than one part in 1000. This was 
found to be ample as the spreading resistance proved to 
be higher than first expected. 


RESULTS 


In Fig. 4 are presented the results of a series of meas- 
urements made on °/, and 1-in. diameter bronze rods 
having constrictions of different amounts. The abscissa 
is the ratio of the diameters of the full-sized rod to the 
diameter of the constricted portion and the ordinate 
spreading resistance in micro-ohms. Perhaps a more 
revealing plot is shown in Fig. 5 where the spreading 
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Fig. 5 Spreading resistance expressed as an equivalent 
length of rod for ® sand 1 in. diameter rods with constric- 
tions 
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resistance is plotted in terms of the equivalent length 
of the full diameter rod against the ratio of diameters. 
The resistance of this equivalent length is calculated 
on the basis of uniform current flow in the rod. 

This plot shows for example that, for a 1-in. diameter 
specimen with a constriction 0.1 in. in diameter at its 
center (ratio of diameters 10 to 1), the spreading resist- 
ance is equivalent to a rod length of 6.5 in. This is a 
surprisingly large amount when it is remembered that 
the lines of current flow become substantially parallel 
within a relatively short distance from the constriction, 
certainly not more than 1'/2 in. in this case. 

A method of converting spreading resistance to an 
equivalent length of rod which clarifies this apparent 
paradox is to express the spreading resistance in terms 
of the equivalent length of the constricted section 
The spreading resistances involved indicate that the 
equivalent length of the constricted area is of the order 
of 0.03 in. This is a more nearly true picture of the 
actual location of the spreading resistance; the major 
portion of which lies close to the constriction. This is 
of importance in resistance welding for it shows that the 
heat developed by voltage drop in the spreading resist- 
ance is produced at and very near the contact surfaces 


Equivalent Cone 


A study of the results plotted in Figs. 4 and 5 shows 
that for each diameter specimen there is a separate 
curve. In order to correlate the results on rods of dif- 
ferent diameters a nondimensional quantity 
p Was evaluated. 

The derivation of this particular quantity is based 
on the simplifying assumption that the current flow in 
the material at the termination of the constriction could 
be considered as confined to the frustum of a right cir- 
cular cone of an angle ® as shown in Fig. 6. Here a 
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Fig. 6 The equivalent cone of current flow in round spec- 
imens 
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is the radius of the rod and b the radius of the con- 
stricted portion. 

Let r be the radius of a circular slice or element of the 
cone taken perpendicular to the Z axis; then for an 
angle 0, where = 90 —#/2, 

Req = 


dz 


where Req equals the resistance of the element of radius 


Z = (r — b) tan 
b a 


The resistance of the rod, based on physical bound- 


rand 


aries, if no spreading effect were present, is 


R = tan (" 
a’ 


The spreading effect, as defined above, is 


b 2 
Req — R = tan of ) 
T b a? a 
So far only the upper half of the sample has been con- 
sidered. The total effect will be twice this, or: 
Re d 4 a b 
= — tan &- + 2) 
p T h a 
This simplified caleulation shows that (R.d,)/p 
is a function of a/b, the ratio of the radii. If @ is 
chosen to be 41°, a rather good fit between this formula 
and the experimental data is obtained 
A similar calculation was carried out for a flat strip 
(two-dimensional constriction), assuming an equivalent 
wedge of flow (Fig. 7). For an arbitrary Rav /p = 


| 
| 


Fig. 7 The equivalent wedge of current flow for flat strip 
specimens 
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Fig. 8 Comparison of experimentally determined and 
calculated values (based on equivalent wedge of current 
flow) of spreading resistance for flat strips 


tan 4 (1 — 1). Here the value of @ which 
b a 
gave the best fit with experimental data was, coinci- 
dentally, 41.3° (Fig. 8 
Here it should be emphasized that this concept is of 
value only in visualizing the magnitude of the spreading 
effect; it does not give a true picture of what is hap- 


pening at the constriction 


Analytical Solution 


The exact solution of even the symmetrical problem 
is very complex, but it has been made by Dr. L. C, 
Roess* for the case of heat flow through a right circular 
evlinder with a symmetrical constriction. His solution, 
with the notation changed to agree with that of Fig. 6 


and the electrical case is: 


> } 
1.4093, + 01.29 ) + 
b a a 


0.0525( ) + | 


This solution has been plotted in Fig. 9 together with 
the curve for a 98° equivalent cone of flow. 

The points plotted in Fig. 9 are for specimens of cop- 
per, aluminum, iron, nickel and alloys of these metals 
ranging in outside diameters from 0.45 to 1 in., and 
with varying size constrictions. The ordinate of Fig. 
9 is the dimensionless quantity (/2,d;)/p and the ab- 
scissa, the ratio of diameters. The measured spread- 
ing resistances are shown by the individual points 
coded for the different materials. In addition there are 
plotted the curve for the Roess equation and the curve 
for the equivalent cone. A study of Fig. 9 shows that 
the results of the measurements when plotted to these 
coordinates lie on a smooth curve. This curve is inde- 
pendent of both the material and its dimensions. The 
results check the theoretical equation. 
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Fig.9 Experimentally measured values of spreading resist- 
ance for round rods of different diameters and materials 
containing constrictions varying in amount and length 
and corresponding curves for the Roess and equivalent cone 
equations 


Length of Constriction 


In practical contacts the length of the constriction is 
often quite small. The earlier measurements were 
made on specimens with a constriction */, in. in length. 
To determine the effect, if any, of the length of the con- 
striction on the spreading resistance, a number of speci- 
mens were made with constrictions varying from 0.163 
to 0.007 in. in length. 
these specimens was measured and the results plotted 
in Fig. 9. The values found lie on the curve and 
check with those found for the longer constrictions. 
The spreading resistance is, therefore, independent of 
the length of the constricted portion. 


The spreading resistance of 


Location of Constriction 

In practice, actual contact areas are both irregular in 
The effect on the 
spreading resistance of nonsymmetrical or eccentrically 


shape and random in location. 


located constrictions was studied for both round and 


The constriction was held to a 


flat strip specimens. 


fixed size and on successive specimens its location 
was varied from the center to the extreme edge. The 
results are plotted in Fig. 10 and the curves for both 


round and flat specimens are similar in shape. 

A study of Fig. 10 shows that the increase in spread- 
ing resistance for off-center cuts is small until the eecen- 
tricity exceeds 60°. The effect is naturally larger for 
the flat strip, for here the current can spread in only 
two directions and the flow lines are more severely 
These results 
For a very 


restricted by the eccentric location. 
depend on the size of the contact area. 


small contact area, the effect of eccentricity is less. 
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Fig. 10 The effect of the eccentricity of the constriction 
on the spreading resistance 


CONCLUSIONS 


The results of this study provide an explanation of 
the phenomenon and a method of calculating the mag- 
nitude of the spreading resistance of single contacts 
They show that: 

1. The spreading resistance forms an important 
part of the resistance of contacts. 

2. The major portion of the spreading resistance is 
concentrated close to the areas in actual contact. 

3. The spreading resistance is ohmic in nature and is 
proportional to the specific resistance of the material. 

4. The spreading resistance for a given size contact 
area, located symmetrically, may be calculated with a 
reasonable degree of accuracy on the assumption that 
the current flow in the body of the material is confined to 
a cone which has an angle of 98°. 

5. The experimental results check with theory. 

6. In a resistance weld with perfect contact the 
only resistance that exists is the spreading resistance 
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Slope Control in Spot and Projection Welding 


» Slope control facilitates projection welding of aluminum and re- 
duces electrode pickup in spot welding aluminum and coated steels 


by Ivar W. Johnson thereby increasing tip life and decreasing the 
. time required for tip cleaning. 
2. A very important contribution made by the 


INTRODUCTION AND SUMMARY 
slope control is that it makes possible the pro- 
ONSIDERABLE attention has recently been given jection welding of aluminum. Three types of 
to the apparent and possible effect of the initial projection welds have been made successfully: 
application of current or “wave front’? when mak- (a) Round, dome-type projection welds. 
ing a resistance spot or projection weld. It is the (b) Stud welds. 
opinion of several investigators and users of resistance (c) Cross-wire welds. 
welding that, through proper control of the initial appli- 3. Some improvement is gained in the spot welding 
cation of welding current, the usefulness of this process of zine and cadmium-plated steel. The num- 
can be expanded and production difficulties decreased. ber of spots which can be made before sticking 
This paper presents and discusses data pertinent to the of work to electrodes occurs is approximately 
use of the “slope control’ on spot and projection weld- doubled, and when sticking does occur, it is not 
ing equipment. A summary of these data reveals the severe. 
following: 
1. The slope control can greatly reduce electrode EQUIPMENT AND PROCEDURE 


pick-up when spot welding aluminum alloys, : ; A ; 
; rhe slope control is a supplementary device used in 

Ivar W. Johnson is an Engineer at the Works Laboratory Welding Section conjunction with standard welder control panels which 

utilize phase-shift heat control. It permits a gradual 

Scheduled for presentation at the Thirtieth Annual Meeting, A.W.S 

Cleveland, Ohio, week of Oct. 17, 1949 increase of the current from any desired value (not 
under 20%) to full welding current, over a period of time 
variable from three to thirteen cycles. In effect, the 
slope control is a variable resistor in series with the 

PEAKER heat-control potentiometer. Variation in resistance is 

obtained by varying the bias voltage of two GL-502A 


thyratrons connected in inverse parallel. Figure 1 illus- 
: trates schematically how the slope control functions; 
Fig. 2 is a typical current-force oscillographic trace 
showing how the current rises to welding value. 

The electrodes used for spot welding aluminum were 


HEAT 
CONTROL q 


Class I of the ecadmium-silicon-copper type. Initially, 


several different dome radii were tried. It was found 
that a 3 in. radius was satisfactory for all gages of ma- 


SLOPE 
CONTROL 
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Current-force trace using slope control 


Vv 
Fig. 2 


Fig. 1 Illustrating the function of the slope control 
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Fig. 3 Cross section of spot weld in 0.064 24ST aluminun. 
8x 


terial and since this is a standard radius for other work, 
it was used throughout the investigation. For spot 
welding plated steel, RWAMA Class II electrodes with a 
3-in. radius dome was used. 

The various types of projection welding were done 
with both Class I and Class IT electrodes. There were 
no apparent differences in their performances. 

The cooling water hole was drilled to within !/, in. of 
the welding surface of all spot-welding electrodes. 
City water at 58° F. circulated through the electrodes at 
a rate of approximately 1 gal. per minute. 

Cleaning the electrodes used for spot welding alumi- 
num was accomplished by immersing the tips in sodium 
hydroxide solution. This removed all of the aluminum 
deposit and left the electrodes ready for further use 
If pickup was too severe, pitting would appear after 
dipping and a machining operation would be required 
Pickup resulting from spot welding of plated steels is 
easily removed by rubbing the electrodes with emery or 


7 erocus cloth. 
The following steps were used to clean the aluminum 


surfaces prior to welding: 


1. Vapor degrease. 


2. Alkaline cleaner at 180° F. (82° C.). 


Fig. 4 \N-ray of a group of spot welds in 0.064 24ST alum- 
inum. I x 
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Fig. 5 Results of electrode tip life tests 


3. Cold water rinse. 

4. 15 to 20 sec. in an acid deoxidant at 70° F 
(21° C.). 

5. Cold water rinse. 

6. Hot water rinse. 

7. Dry by air blast. 


This procedure produced a surface with a resistance ot 
5 to 10 microhms on all alloys except 61ST, where sur- 
face resistance measured 25 to 35 microhms. Surface 
resistance was measured by clamping two pieces of the 
material between two current-carrying electrodes and 
measuring the voltage drop across the two pieces 
Clamping pressure was 1000 Ib. 

The above process leaves a protective film on the sur- 
face of the material. This retards further oxidation 
and retains a low surface resistance over a considerable 
period of time. The welding, therefore, was not 
necessarily completed immediately after cleaning. 

Three press-type, air-operated spot welders were 
used: 

1. 300 kva., high-inertia head. 

2. 150 kva., air-lock on ram. 

50 kva., low-inertia head. 


All machines were equipped with synchronous pre- 
cision electronic controls. 


SPOT WELDING ALUMINUM 


One serious problem encountered when spot welding 
aluminum is the relatively short electrode tip life. It is 
believed that pickup starts from the very first spot and 
becomes progressively aggravated. Electrode tip life, 
here, is a funetion of tip pickup (or deposition of alumi- 
num on the tip) rather than physical deformation of the 
tip surface such as occurs when spot welding ferrous 
materials. This part of the investigation resolved itself 
intoa study of the effect of the slope control on electrode 
tip life. 

In all the tests covering the spot welding of aluminum 
Air Force Aeronautical Specification AN-W-30 was used 
as a guide to determine weld quality and strength 
Cross-section and X-ray examinations were made to 
determine the soundness of the spot welds. Figures 3 
and 4 are a typical cross section and X-ray photograph, 
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respectively, of spot welds made on 
0.062-in. 24ST aluminum. The 
welds produced in the test speci- 
mens used to determine electrode 
tip life meet the requirements of 
AN-W-30. The welding procedures 
used are tabulated in Table 1. 

To obtain comparable welds 


made without the slope control, the 
same procedures were followed ex- 
cept for a change in weld time. By 
reducing this time by two cycles, 
approximately equal welds were ob- 
tained. This would indicate that, 
for comparable welds, total heat in- 
put was approximately the same. 
Due to the difficulty of estab- 
lishing a criterion by which pickup 
could be measured, it was decided 
that a test run would be continued 
until the first indication that the 
aluminum was sticking to the elec 
trodes. Such sticking is evidenced 
by the work following the upper 
electrode upward or by the slightest 


‘ig. 6 Showing surface appearance of a group of spot welds in 0.093 in. 52S prying being required to move the 
aluminum. This represents over 200 spots without cleaning electrodes. 1 X work on the lower electrode. The 


Fig.7 Illustrating 
burning of work 
surfaces when at- 
tempting to pro- 
jection or stud 
weld aluminum 
without slope con- 
trol. 2X 


Table 1—Procedures Used in Making Electrode Life Tests 
Current,* amp ~ —Time,* les— 
Vaterial Thickness, in Start Weld Rise Weld Electrode force Weld strength 
0 040 6000 21,000 700 
0 04 7500 30,000 1000 
0. 062 O00 31,000 1000 
0.093 S500 34,000 1070 
0.025 6000 25,000 700 
0.940 6HO00 28,000 900 
0.064 HO00 31,000 1100 
0.081 S000 10,000 2500 


* Weld time means “number of cycles of welding current.’ Starting current is calculated from welding current and in all cases is 
spproximately 25° of welding current 
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test specimens were only 4 in. square; therefore, stick- 
ing did not have to be severe to become apparent. 
However, without the slope control, when sticking did 
occur it was usually severe. 

The advantages to be gained through the use of the 
slope control vary with the thickness and the alloy 
welded. Figure 5 illustrates the effect of these two fac- 
tors on the electrode tip life. Types 28 and 38 are very 


Fig. 8 Mlustrating appearance of both sides of work after 
projection welding 0.062 in. 52S. 2X 


difficult to spot weld from a standpoint of tip pickup 
and, to date, it has not been possible to demonstrate 
any worth-while advantage of slope control when spot 
welding these types of aluminum. Although only one 
thickness each of 2S and 38 is indicated in Fig. 5 other 
thicknesses have been tried with results similar to those 
indicated. For welding 61ST, the slope control has 
some advantage, but not as much as when applied to 
the welding of 528 or 24ST. 

In the test run on 0.093-in. type 52S, all steps re- 
quired in An-W-30 were followed. One hundred tensile 
shear specimens were made at intervals scattered at 
random throughout the electrode life-test run. No- 
tation was also made of the point where surface marring 
occurred at the electrode imprint. Although the run 
continued to 900 spots before sticking occurred, the 
first surface mar appeared on the 300th spot. Even 
this, however, is phenomenal performance in view of the 
fact that, without slope control, surface marring ap- 


Fig. 9 Cross section of single and double projection welds in 0.064 in. 24ST. 


Fig. 28 
aluminum 
stud welded 
to 528 alumi- 
sheet. 


- 


Johnson 


Slope Control 


peared on the 20th spot. Furthermore, when slope con- 

trol is used, the electrodes are more easily cleaned after 
the first indication of pickup. Figure 6 shows the sur- 
face appearance of spot welds made on 0.093 in. 528 ma- 
terial. 


PROJECTION WELDING ALUMINUM 


In the past, the various forms of projection welding 
have not been successfully applied to the fabrication of 


aluminum. Because of the difficulty encountered 
consistently making sound projection welds and the 


Fig. il Cross 
section of 28 
aluminum stud 
welded to 52S 
aluminum sheet. 
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Thickness, 
Alloy in, Start Weld Rise 


Single Round-Dome Projections on Flat Shee 


628ST4 0.064 10,000 10,000 9 
61ST4 0.091 12,000 16,600 6 
5280 0.093 10,000 38,800 6 
5280 0.125 11,000 44,000 5 
248T4 0.125 11,000 44,000 7 
248T4 0 064 7,000 27,600 9 
248T 0 064 11,000 44,000 

62ST 0.064 12,000 48,000 9 


Table 2—Projection Welding Procedures 


Current, amp.———~ —~-Time,* 


Double Projections 
11 


cu le & Force, 


Weld in 


Projection Size Weld 


Height Diameter strength 


18 700 0.035 0.156 1000 
22 800 0.041 0.187 1500 
14 920 0.041 0.187 1600 
20 125 0 041 0.187 2300 
20 1300 0 041 0.187 2500 
20 500 0.028 0.119 940 


10 750 0.028 0 


119 2000 
18 750 0.035 0.119 


1400 


* Nore: Weld time means 
cases is approximately 25% of welding current 


necessity for specially designed projections, this process 
has not been generally used in industry. Figure 7 
shows one of the difficulties encountered when an at- 
tempt is made to projection weld aluminum using the 
conventional round dome or stud. Here are shown the 
surfaces of the work after attempting to make a mul- 
tiple projection weld or a stud weld without using the 
slope control. It is evident that there is severe expul- 
sion and burning of the work surfaces; this is caused by 
the extremely high current density during the first half- 
cycle of welding current when the projection is contact- 
ing on a very small area of the plate relative to its base 
area (or area of the completed weld). The extremely 
high current density causes part of the projection to be- 
come molten and be expelled, allowing a total loss of 
pressure and resulting in arcing between the workpieces 
and between the work and electrodes. 

When the slope control is used, this condition is elimi- 
nated entirely and it is possible to make good, sound 
welds with excellent surface appearance. Figure 8 
shows the work surfaces as they appear after projection 
welding. The indentation produced during the form- 
ing of the projection is completely filled in, leaving a 
smooth surface; the opposite surface has a minimum 
indentation—approximately 0.001 in. Figure 9 shows 
cross sections of single and multiple projection welds in 
248T alclad. 


welds free from internal defects and any expulsion be- 


These sections reveal sound, well-formed 
tween the sheets. Table 2 is a tabulation of welding 
procedures, projection sizes and weld strengths. The 
projections used were similar to those used on ferrous 


Fig. 12 Cross section of '/,-in. 2S aluminum cross wire 
weld. 5X 
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Starting current is calculated from welding current and in all 


metals, but it is very evident that projection size should 
be smaller on aluminum than on a corresponding thick- 
ness of ferrous material. When forming projections on 
aluminum, care must be exercised to avoid over-stress- 
ing the material as this would cause cracking during 
forming or later, when the weld is made 

A variation of round-dome projection welding is re- 
ferred to as stud welding. The stud welding of ferrous 
materials has been common practice for some time; 
welding of aluminum studs to aluminum sheet, however, 
has been too difficult and produced results too erratic to 
make it a successful production process. Figure 7 
shows the results of an attempt to stud weld without the 
slope control. 

The slope control makes it relatively easy to stud 
weld aluminum. 
rivets were used in all of the tests performed here; 


Common 2S aluminum round-head 


these rivets are commercially available and required no 
special preparation before welding. Figure 10 illus- 
trates the appearance of a 28 stud welded to 52S sheet, 
Figure 11 is a cross-sectional view of stud welds. To 
the shanks of the rivets were 


In all 


tensile tests, the rivet failed before the weld, and when 


permit tensile testing, 
threaded to provide a means of gripping them 


the weld was subjected to the peel test, a hole was pulled 
in the sheet. Table 3 shows welding procedures and 
strengths obtained for three sizes of studs 

A third variation of projection welding is the cross- 
wire weld. This form of welding has been applied ex- 
tensively to ferrous material for a long time. Cross- 
wire welding of aluminum, however, has not been used 
because of the difficulty of making such welds—violent 
expulsion of metal would usually occur when such welds 


were attempted, and although there may be isolated in- 


Table 3—Welding Procedures for Stud Welding 
Aluminum 


Material —Stud 28 —Sheet, 0.004 in. 5288 


Stud Current,* Amp Time,* Cycles Force, Weld 
size, im Start Weld Rise Weld lb. strength 

8 5000 21,000 13 17 250 150 

‘ 6200 31,000 13 17 600 375 

4 S800 44 000 13 17 850 600 


* Weld time means “number of cycles of welding current.” 
Starting current is calculated from welding current and in all 
cases is approximately 25% of welding current 
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Fig 14 A group of spot welds in sinc-coated steel. 1 X 


Table +—Welding for Cross-Wire Aluminum 
ire 


Wire 
diameter, Current, amp Time, cycles Force 
in. Material Start Weld Rise Weld lb 
28 4500 13,500 4 165 
/, 28 6250 25,000 3 5 200 


Fig. 13° A series of cross wire welds showing appear- 
ance as welded. 1X. Reduced 40% in reproduction 


stances where this process has been used, it is generally 
conceded that it is impractical from a production stand- 
point. The slope control makes this weld relatively 
easy to accomplish, and consistently sound welds can be 
made. As evidenced by Fig. 12, (a typical cross sec- 
tion), good fusion occurs over the entire area. Figure 
13 shows appearance of a series of cross-wire welds 
Welding procedures are tabulated in Table 4. 


SPOT WELDING OF PLATED STEELS 


Cadmium or azine plating is frequently used as a cor- 
rosion preventative on carbon steels. It is not advis- 
able to plate the metal after welding due to the danger 
of trapping acids in the joint, and it is therefore neces- 
sary to plate the component parts before assembly and 
welding. Wher spot welding is used, considerable diffi- 
culty is encountered with the transfer of the plating to 
the electrode tip. To make a satisfactory weld on 
plated steels, it is necessary to use relatively shorter 
time and higher current than when equivalent materials 
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Fig. 15 Typical cross section of spot weld in zinc-coated 
steel. 8 X 


The high current 
melts the low-melting-point plating metal at the inter- 
face and permits it to be squeezed out; the weld is then 


without plating are to be welded. 


completed between the steel faces. The short weld 


time minimizes the tendency of the plating metal to 
alloy with the steel in the weld. In addition, the plat- 
ing after being squeezed out, solidifies upon reaching the 
cold metal surrounding the spot and retains the protec- 
tion around the weld. 

The higher current densities resulting aggravate the 
tendency of the plating metal to alloy with the elee- 
trode. The slope control, however, permits the elec- 


trode tip to become properly seated on the work before 


full welding current is reached and thus it eliminates 


extreme current densities at the point of contact be- 
tween the electrodes and the work. This minimizes 
pickup, but with low-melting-point plates it is impos- 
sible to eliminate it entirely. On cadmium-plated 
steels it was found that 150 welds could be made with 
the slope control before mild sticking occurred, while 


without slope control, sticking occurred on the 60th 
spot. On zine-plated steel, over 200 spots were welded 


without evidence of sticking when the slope control was 


used. Figure 14 shows the surface appearance of spot 
welds on zine-coated steel; Fig. 15 shows an etched cross 
section of one of these welds. ‘Tensile-shear specimens 


taken periodically during these tests revealed consist- 


ent weld strengths 


CONCLUSIONS 


The data presented here definitely indicate that there 
ure advantages to be gained by controlling the initial 
application of current to a spot or projection weld. — Al- 
though all of the tests described were made in the labo- 
ratory, they were conducted in a manner simulating 
production-line work. No difficulty should be experi- 
enced in applying this equipment to production work 

It is believed that as the slope control is put into pro- 
duction use, other advantages will be found and the 
user will be able to produce better welds more easily, 


with consequent improvement in product quality. 
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by J. Heuschkel and 
H. Bitzer 


INTRODUCTION 


The production of consistent spot welds 
to a specified quality standard, usually a 
minimum strength requirement, with com 
plete assurance that such welds have been 
secured, is a necessary objective of welding 
supervision and quality control personnel. 
Good welds are made in the commonly 
welded metals by using the proper con- 
ditions. It isa matter of concern and eco- 
nomic loss when production plants do not 
assure themselves that good spot welds are 
being consistently obtained without the 
use of subsequent expensive inspection and 
repair, 

The primary purpose of this paper is to 
demonstrate that uniformly high-quality 
welds can be successfully produced by fol- 
lowing at prewelding control procedure 
For a properly designed part this involves 
knowing in advance, from Inspection test- 
ing, that the work material is uniform in its 
characteristics; that the proof tested weld- 
ing schedule to be used is capable of pro- 
ducing welds of the desired properties in a 
consistent manner; and from actual meas- 
urement that both the equipment and 
controls are providing the conditions re- 
Also it 


is necessary te know in advance the limits 


quired by the operating schedule 


of permissible deviation from the set-up 


schedule so that the necessary instrumen- 
tation for detection of variations from the 
desired welding conditions can be intelli- 
gently evaluated. Obviously an operat- 


ing range is necessary. periodic 
checkup on weld quality itself need involve 
only the most inexpensive form of peel or 
separation tests as conforms to reasonable 
inspection practice. These tests can be 


made quickly on the floor 


J. Heuschkel is Manager of the Research Welding 
Section and itzer is Laboratory Assistant at 
the Westinghouse Research Labs East Pitts 
' cheduled for presentation at the 
Annual Meeting, A.W.S., Cleveland 


Ohio, week of Oet. 17, 1949 


OcToOBER 1949 


Spot-Weld Consistency Studies 


® Uniform high quality welds can be successfully produced by following 
This involves proper design, uniform 


a prewelding control procedure. 
material, proof-tested welding schedule and tested equipment and controls 


Adequate instrumentation in conjune- 
tion with established and proof-tested 
schedules can be employed to show when 
the limits are about to be violated before 
the actual inconsistencies occur This 
procedure is shown to be superior to the 
chart method of statistical control Since 
the properties of spot welds may vary with 
either changes in welding conditions or 
with material characte ristics, the produe- 
tion of consistent welds requires that both 


sets of variables ” subject to control 
When both conditions are under control 
the quality uncertainties vanish and the 
need for subsequent expensive inspection 
is greatly reduced or eliminated. 

The second purpose of this paper is to 
review the causes for inconsistent spot 
welds, using a. ¢. as an example. From 
such a study some causes for the ineonsist- 
encies become apparent. The important 
variable is the condition under which the 
welds were made and not whether the 
welds are made in the laboratory or on the 
production line 

{ third purpose is to illustrate the use 
and some deficiencies of the statistical eon- 
trol chart methods for evaluating produe- 
tion quality, while explaining the basic 


reasons for the variations obtained, 
STATEMENT OF PROBLEM 


Spot welds are made by passing electric 
current through lly compressed por- 
tions of the overlapped work parts for a 
sufficient period of time to melt the base 
metal, without overheatingit. Eleetrodes 
clamp the work material together during, 
preceding and following this interval 
The magnitudes of tie current, time and 
foree and the electrode size, shape and 
composition are caused to vary with the 
thickness, composition, temper and surface 
conditions of the parts being welded. Ma- 
chines and controls are available for sup- 
plying the necessary pressure and heat 
energy required. For the insensitive 
metals, such as low-carbon steel, it has 
been well established that the work parts 
may be effectively mechanically clamped 
between the impressing electrodes by the 
use of a range of electrode s1zZes, shapes and 


forces. If too much current is passed for 
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too long a period the locally compressed 
metal will be overheated, and expulsed 
from the weld zone in the form of a molten 
This is a readily visible phenom- 


stream 
enon and the resultant welds are often 
cracked, distorted and over indented. If, 
on the other hand, the magnitude of the 
current is reduced too much the metal may 
externally appear to be heated to the 
proper degree, from the operator’s view- 
point, and yet the welds made will have in- 
adequate strength as the result of the too 
low internal temperatures achieved. As 
current is further reduced, or if some of the 
available current is shunted through previ- 
ously made welds, ultimately no weld is 
produced even though automatic sequenc- 
ing controls may be properly functioning 
but providing inadequate current at the 
In the absence 
of installations wherein controls pass the 
correct amount of energy at the ne cessary 
rates it is apparent that a system of rigor 


point where it is needed. 


ous schedule regulation must be enforced if 
welds of the desired 
Too large 


consistent spot 
strength are to be produced. 
variations in welding time or force; in 
eleetrode size, shape or composition; and 
in work material characteristics and con- 
sistencies also influence spot-weld proper- 
ties and consistencies. For prewelding 
quality contro] one must therefore deter- 
mine a suitable schedule, the permissible 
limits of deviation from that schedule and 
then provide means for knowing what the 
machine and controls are delivering to the 


weld nugget 
TEST METHOD 


For illustrative purposes the present re- 
port is confined to stainless and low-carbon 
The same prineiples apply to other 
Standard 


steels 
metals with detail variations. 
tension-shear tests were made, and the 
average group strength, the statistical 
standard deviation from the average, and 
this deviation expressed as a percentage of 
the average, called the e efficient of varia- 
tion, were obtained for each condition in- 
vestigated. This procedure was used be- 
cause entire systems involving different 
weld strengths were to be compared. 
Such comparisons cannot be made directly 
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on a basis of strength, or upon the stand- 
ard deviation which may become large in 
value with high strengths. A low coeffi- 
cient of variation indicates a high order of 
consistency; a zero value would represent 
absolute uniformity. The standard de- 
viation is calculated by taking the square 
root of the difference between the average 
of the squares of the individual values and 
the the The 
ratio of this derived value to the average 


square of average value. 
obtained, expressed as a percentage, is used 
throughout as the coefficient variation and 
43 a4 measure consistency. 

In the investigations being reported 
static welding force only was measured. 


This was done with a calibrated force 
bar. The 50-kva., air-operated press- 
type spot welder used was subject to 


fluctuations of air line pressure. Time 
a synchronous elec- 


with 


was controlled by 
tronic and 
a clock-type cycle counter, calibrated for 


control was measured 
accuracy against a magnetic oscillograph. 
Secondary current was measured from an 
indicating meter with a signal picked up 
from an iron core induetor placed over the 
lower arm of the secondary loop. While 
the accuracy of this method is open to some 
question it is believed that the reported 
values are comparable, at least for illus- 
trative purposes. Many engineers prefer 
to obtain the magnitude of the secondary 
current by multiplying the pointer stop 
ammeter primary current determination 
by the turns ratio. Current was varied by 
transformer tap settings and a phase shift 
electronic heat control. 

As a starting point a series of 95 speci- 
mens were first made and tested in tension 
shear to demonstrate that a previously 
established schedule' was adequate for 
making consistent welds in 0.095-in. thick 


For welding two pieces 
with single or widely spaced spots this 


low-carbon steel, 


schedule called for the use of: 


Force 1,050 Ib. 

Current 11,400 amp., r.m.s. 
Time... 25 cycles (60 ¢.p.s.) 
Electrodes 0.26 in max. end 


x 4° face taper 


On another material lot of the same thick 
ness, a series of 20 specimens were then 
made and tested to demonstrate that the 
same schedule would again produce con- 
sistent ilthough the average ob- 
tained strength may be different due to 
characteristics. 


welds, 


differences in material 
This over-all procedure fulfills one speci- 
fication requirement that process approval 
must be obtained through a demonstration 
of equipment performance. 

A continuing series of forty-two 3-speci- 
men groups Was next prepared with a will- 
ful change from the established schedule 
third 
variation 


Immediately 
after each the 
electrode-control system was brought back 


after every group. 


such machine- 
to the pre-established schedule; then an- 
other set of three 3-specimen test groups 
was made, Strength data from these spec- 
imens provide a groundwork for the use 
of the control chart system,? using statisti- 
Sufficient supplementary 
data were also obtained for one material to 


eal methods. 


show why and how much variation is ob- 
tained in both strength and consistency 
by off-schedule welding. The compiled 
graphs of resulting strengths clearly indi- 
cate that had the welds been made on an 
actual production line run, the existence of 
indicating instruments on the welding var- 
iables would have prewarned the opera- 
tors before off-quality welds would have 
been produced 

Data from a previous paper? and new 


data for various electrode shapes and steel 
tempers were also used in consistency cal- 
culations to provide a basis for demon- 
strating how to pre-evaluate the relative 
suitability of various welding schedules 
over a thickness range. 


DISCUSSION OF WELDING 
VARIABLES 


Force 


The influence of variations of force only, 
upon weld strengths and consistencies, are 
shown in Fig. 1 for four 3-specimen lots 
The best value for the particular material, 
from the production viewpoint, would 
have been 850 Ib., since with that value a 
plus or minus variation of as much as 30°, 
in foree magnitude would not have ma- 
terially influenced weld strength or con 
sistency. Forces exerted as the result of 
cam or spring actions or from air or hy- 
draulic pressures can and do vary some- 
what with the source magnitudes or fric- 
tional values. The significant new point is 
that the best 
with welds of 
within mid-range of the operating con- 


consistency was obtained 


maximum strength and 
ditions for producing those strengths 

Sometimes production is done at the low 
side of the force range. With such sehed- 
ules any transient further reduction re- 
sults in poor welds. From Fig. 5 it is 
apparent that forces under LOOO Ib. for 
the particular material and electrode com- 
bination, result in rapid changes in initia! 
contact resistance, and thus may tend t« 
accentuate surface heating. 


Time 


The general influence of time of current 


600 OPTIMUM 1100 


COEFFICIENT. OF VARIATION (PERCENT) 


VARIATION 


3 6 9 
ELECTRODE FORCE (100 LBS) 


Fig. 1 Relation between welding force and spot-weld 
strength and consistency (0.095-in. low-carbon steel) 
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Fig. 2 Relation between welding time and spot-weld 
strength and consistency (0.095-in. low-carbon steel) 
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strength and con: 


flow upon weld strength and consistency is 
illustrated by Fig. 2for the otherwise stand- 
ard schedule. Starting from the ori- 
gin it is known that a discrete period of 
time is required to initiate the formation of 
1 weld nugget. For the very short times 
no adherence is obtained between the two 
As time is increased a small nugget 


Weld strength then improves 


pieces 
is formed 
rapidly with further increases in time, after 
which still further increments of time result 
in little additional strength. The precise 
shape of this time-strength curve depends 
upon the specific material and the foree and 
current magnitudes. Figure 2 may be ta- 
ken asatyperelationship. Too much time 
slows down production, increases surface 
heat to the extent that electrode life is re- 
duced and may cause weld interface molten 
metal expulsion. The optimum time from 
the viewpoint of both weld strength and 
consistency is within the C to D range, Fig 
2. For the 0.095-in. stock under consider- 
ition, this is between 19 and 31 eycles for 
the foree-current conditions used, which is 
the range for producing the strongest welds 
with the least variation between individual 


values within each group 


Current 


The general influence of current only, 
upon weld strength and consistency, is 
shown in Fig. 3 for the same material, 
when using an otherwise standard schedule. 
The current-strength characteristics are 
similar to those shown in Fig. 2 for in- 
fluence of time upon strength, except that 
they are more pronounced. This 
line with the heat equation which shows 
time to be a first power and current to be a 
Within the 
Within 


is in 


second power variable. 
range in Fig. 3 no weld is formed. 
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Relation between welding current and spot-weld 
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Fig. 4 


the B-C range abrupt changes in strength 
occur with small variations in current and 
within the rather narrow C-D range is 
therefore the 


from the standpoint of resultant strength 


optimum operating range 


ind consistency Line voltages are sub- 
ject to fluetuations and these changes cause 
currents of different values to pass through 
the welding electrodes for a given machine 
and heat control setting \ schedule em- 
ploying currents just less than the C value 


in Fig 3 could not tolerate any current 
loss without complete loss of weld 
strengths. The use of an 11,750 amp 


value, however, permits a plus or minus 
15% current fluctuation without any ap- 
preciable variation weld strength 
The mid-range current also produced we Ids 
of maximum consistency. Currents higher 
value D 


metal expulsion, distortion 


than the cause overheating, 


molten and 
otten cracking 

The current magnitude is the spot weld- 
ing variable which must be most carefully 
controlled, because of the second 
effect in the 
Even so, it is demonstrated by Fig. 3 that 


power 
heat-generating equation. 
it is possible with such metals as low- 
carbon steel to preselect a schedule suffi- 
ciently insensitive to variations to permit 
a plus or minus variation of 15% in current 
magnitude while maintaining full strength 
of the welds and with each subgroup con- 
sistent within itself to less than 5%. 


Electrodes 


The influence of variations in electrode 
face dimensions only, are shown in Fig. 4, 
for the standard force time and current con- 
ditions. These particular data are re- 


stricted to the 4° taper; since it is only with 
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INITIAL CONTACTING END DIAMETER (INCHES) 
Relation between contacting electrode diameter 
and spot-weld strength and consistency (0.095-in. low- 


carbon steel) 


low-angle tapers that such small initial 
point For all 
small-end electrodes, either conical orspher- 


contacts could be used 
ical in shape, the high-unit pressures on the 
contacting ends tend to deform the elece 
trodes after a few welds. The values given 
are the strengths and consistencies prior to 
electrode deformation as would occur under 
extended usage For the dimensions used, 
values less than tne specified initial 0.266 
in. electrode end diameter maximum pro- 
duced welds, but such 
electrodes would have a short operating 
life. The use of a too large electrode areg 


strong consistent 


results in insufficient current density (cure 
rent to bring the metal bee 


tween the electrodes up to the welding 


per unlit area 


temperatures 

The question of the most desirable elece 
Four com- 
The first 


involved two 3-in. spherical radius elec- 


trode shape is a common one. 
binations were investigated. 
trodes in combination, and the second used 
3-in. spherical radius with one flat 
across the body The 
third combination was with two identical 


one 
entire diameter. 
20° face taper ends having a suitable flat 
forth combination involved 
face taper ends with 


end and the 
two identical 4-in 
suitable flat contact diameters. Figure 6 
that for 


employed, all shapes tended to give the 


shows the particular schedules 


least consistency on the thinner sheets. 
For the thicker sheets all shape combina- 
tions investigated were equally satisfac- 
tory from the standpoint of producing a 
series of 25 consecutive welds having a 
less than 


group consistency variation of 


It should be noted that the lesser consist- 
encies (higher coefficient of variation) ob- 
tained from the 4° face electrodes on the 
thin sheets were partially the result of the 
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lower pressures and shorter weld times. 
As thickness of material increases there is a 
tendency for decreasing consistency. Not 
all of these increases in consisteacy varia- 
tion at the extremes of thickness for any of 
the four Fig. 6 schedule and electrode shape 
combinations tested are chargeable exclu- 
sively to the electrode; 
both the extremes being pat tially the result 
of the foree-time-current 
used, 

The combination of a 3 in. radius with a 
flat electrode to produce one approximately 
flat final exposed surface on the finished 
two-ply joint 1s shown to be suitable across 
the range up to */s, in. in thickness. This 
eombination is desired in some shops be- 


the increases at 


combinations 


cause of ease of alignment 


Weld Spacing 


All the preceding illustrations were for 


5 Relation between force and contact resistance 


single welds Production joints are made 


containing multiple welds. Depending 
upon conditions, more or less, variation is 
found in the results as current shunting 
losses vary. Figure 7 illustrates the results 


obtained with schedule! '/¢-in. 
plate for three different welding times, all 
These 


tests were made by removing one welded 


other conditions being constant. 
specimen after each weld, following the 
While each point in 
that figure represeats the strength of a 


first, was completed 


single weld it is obvious that the consist- 
the 60-eycle welds within the 
joint would have been good while that of 
the 20-eycle welds would have been poor, if 


encies of 


the comparison was made upon a series of 
joints of the same materials involving dif- 
ferent weld spacings. In this case the 60- 
eycle welds would also all have had higher 
strengths per weld then the 20-cycle welds 

The influence of increased welding time 
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Fig. 6 Influence of electrode contour on spot-weld consistency (low-carbon 
steel 
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Fig. Fig. 7 Relation between spot-weld spacing, welding time and 


tension-shear strength (0.125-in. thick low-carbon steel) 


required to compensate for shunting losses 
as the result of close weld spacings is also 
shown by Fig. 7. 
example, to provide a test control strength 
of 6000 Ib. minimum per spot, it can be 


If a setup is desired, for 


shown that this strength may readily be 
obtained or exceeded for single welds with 
times of from 20 cycles and more, as on the 
right of Fig. 7. 
lection of 20 ecyeles would be desired 
However, the data show that with this time 
even at 12-in. the minimum 
strength per weld of 6000 Ib. cannot be 


For production speed 


centers 
obtained. Using a 40-cycle time, spac- 
ings as low as 2.25 in. can be used without 
providing values below 6000 Ib. per weld 
but welds made at variable higher spac- 
ings will not be consistent among them- 
selves, Strengths ranging from 6000 to 
8000 Ib. per weld must be anticipated for 
When 


higher 


such time-spacing combinations 
using a 60-cycle time schedule 
strength welds are obtained throughout 
and there is very little variation in weld to 
weld strength, regardless of spacing down 
to in. 
current shunting can be made by increases 


Only limited corrections for 


in current magnitude because of surface 
overheating. 


DISCUSSION OF MATERIAL 
VARIABLES 


Temper 


It has been established that spot-weld 


tension-shear strength for a given weld 
nugget diameter increases with increased 
strength of the carbon steel as a given com- 


Also, while 


composition or hardness of such steels are 


position is work hardened.' 


increased the direct tensile strength of the 
welds tends to decrease. Figure 8 shows 
how strength and consistency were found 
to vary when spot welding two thicknesses 
of 0.05-in., Type 302 stainless steels of 
varying hardness, when using a schedule 
suitable for the softer Weld- 
ing of the harder sheets was accompa- 


tempers. 
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prewelded 0.05-in. 


Fig. 8 Relation between 


stainless 


steel hardness and strength and consistency of spot weld 


at one setting 


nied by metal expulsion and the condi- 


tions used were unsatisfactory for both 
operating and consistency reasons. For 
annealed, and hard tempers the pre- 
established sehedule consistently 


coefficient of 


viously 
produced welds having a 
variation of less than 3%, as shown in 
Fig. 8 
the full-hard grade of stainless steel of the 


The same sehedule, when used on 


same composition resulted in the produe- 
tion of stronger but less uniform welds 
The electrode force was not sufficient to re- 
strain the molten metal from expulsion and 
the electrode material used was not suffi- 
ciently hard to withstand the hot extrusion 
pressures potentially present as a resu!t of 
the sheet hardness variations between the 
different tempers. Tie established sehed- 
ule is therefore suitable for three tempers 
(annealed, '/, hard and '/, hard) but is 
unsuitable for the full hard temper, in spite 
of the fact that it produces stronger welds 


on the latter material. 


Thickness 


It is common practice to increase the 
magnitudes of the force-time-current vari- 
ables as material thickness is increased. 
As a result, the weld strength increases 
with thickness in a parabolic relationship. 
When these adjustments are not made, re- 
sults as depicted by Fig. 9 are obtained. 
As the material thickness and mass increase 
above the optimum value for the particular 
schedule the weld strength approaches zero 
As the thick- 


optimum the 


as no weld nugget is formed. 


ness decreases below the 


strength also rapidly diminishes and the 
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confined zone may become badly over- 
heated locally causing the electrodes to de- 
teriorate rapidly 

Figure 10 shows the average consistency 
obtained from a series of schedules, when 
thickness range 


Each point ts the coefhi- 


applied across a from 
0.015 to 0.50 in.? 
cient of variation for a 5-specimen sub- 
group. Each subgroup was made from a 
different lot of steel containing less than 
0.20% carbon and included sheet, bar and 
23 lots of 
steel, spot welds were being made with a 


zroup variation of less than 5%, an indi- 
grouy 


plate stock. For most of the 


MATERIAL. THICKNESS 
Fig. 9 Relation between material thickness and spoi-weld 
strength and consistency (constant setting) 


.08 16 20 
(INCHES) 


cation that welding variables had been prope 
erly compensated, on the average, to cor 
rect for material thicknesses up to 0.33 in, 
Figure 10 is an example of consistency stud- 
ies applied to system preselection and 
control. 


CONTROL CHART SYSTEM 

method of evaluat 
consists of 
plotting a continuous record of the de 


interest, 


against a time or group number abscissag, 


The control chart 
ing final production quality 
which are of 


termined V alues, 
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Fig. 10 Application of variation coefficient to spot-welding schedules over 


range of thicknesses 
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For spot-weld control the tension-shear 
strength value is usually the object of in- 
terest. In the example shown by Fig. 11, 
95 consecutive spot welds were first made 
and tested to “qualify” the machine, and 
control. The results of these tests pro- 
vided the first point Q on the charts. 
Later, using a different lot of steel, but the 
identical schedule, a series of 20 consecu- 
tive individual test specimens were pre- 
pared to demonstrate that the setup and 
schedule to be used was satisfactory. 
The average strength and consistency of 
this group of specimens is given by the 
second point O in Fig. 11. The original 
tests on the 95 specimens averaged 5175 Ib. 
per spot; the calculated standard devia- 
tion was 71.5 lb. or 1.4% of the obtained 
average. The second group of 20 speci- 
mens averaged 5015 Ib. per specimen; the 
standard deviation was 80.7 Ib. or 1.6%. 
Both groups of tests were consistent within 
The seeond group 
average was only 96.8% of the first group, 


themselves to 1.6%. 


which is the result of variations in steel be- 
tween the two lots. This magnitude of 
variation is representative of a reduction 
from a 50,000 psi. strength to a 48,400 psi. 
strength, both steels being within possible 
limits. The variation of 
spot-weld tension-shear strength with vari- 


specification 


ation in steel tensile strength and analyses 
has been established previously." * 

For purposes of illustration, prior to 
making the specimens for subgroup 4, the 
air pressure on the cylinder was deliber- 
ately increased 25% to provide a static 
force of 1250 Ib. Following the general 
trend of variation, Fig. 1, for the schedule 
in use, the strengths obtained from this 
setting were reduced to the extent that the 
average values were outside of the subse- 
quently established control limit, although 
within the group of three specimens the 
Had a higher force 
been applied even lesser strengths would 
have Another factor 
would enter into production consistency 


agreement was good. 


been obtained. 
under this variation; that is, with the re- 
sulting high unit pressures the electrodes 
would not maintain their shape but would 
expand in contact areas as the end mush- 
roomed, with a resultant decrease in cur- 
Had this been an actual 
production run the use of the control chart 


rent density. 


would have shown at the end of the one 
time interval that the results were out of 
control and the situation could then have 
been corrected, but an earlier force magni- 
tude check-up would have shown the same 
thing more quickly 

A deficiency of the control chart method 
is that it cannot correct for variations oc 
curring between the time intervals at which 
made. When using 
welding schedules involving 
known variations in result with any given 
variation in conditions, a visual, recording 


control checks are 
established 


or automatic limiter which would indicate 
departures from schedule or adjust or termi- 
nate operations when any particular vari- 
able went outside of its known permissible 
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Example of control chart usage with known assignable causes (spot 


welds in low-carbon 0.095-in. steel with Schedule “O” except as noted) 


limit, would be superior to the control 
chart method since it would provide a 
means for keeping within the required 
operating limits. For example, when fol- 
lowing the pre-established optimum limits 
for force strong consistent welds would be 
made, without further testing, provided a 
similar check-up was being obtained for the 
other variables 

Immediately upon readjustment to the 
proper force, suitable welds were again pro- 
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duced, and the subgroups 4A, 5 and 6 were 
acceptable. Just prior to the making of 
subgroup 7 the welding force was deliber- 
ately reduced by 25% to 750 Ib. In ac- 
cord with the trend of variation for the re- 
sults obtained, and in the absence of ade- 
quate instrumentation, this condition 
could not be immediately detected by the 
quality control method. In time, the use 
of such a low foree would probably be de- 
tectable from the results produced because 
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the lower force would result in lower unit 
pressure and higher contact resistance be- 
tween the electrodes and the work, as 
shown in Fig. 5 for this particular combi- 
nation. This in turn results in more seri- 
ous surface heating and electrode deterior- 
After 
schedule, subgroups 7A, 8 and 9 provided 


ation. again returning to the initial 
normal acceptable results. 

The time control was next preset off 
schedule plus 25% to provide 31 cycles for 
the making of subgroup 10 with the results 
shown. Considerable scatter within the 
subgroup of 3 specimens was obtained and 
the strengths were out of control on the 
high side in accord with the trend of varia- 
tion for time, as shown in Fig. 2. Lower- 
ing the time to 19 cycles in subgroup 13 
reduced the strength, also in accord with 
Fig. 2. The results were still within the 
established control limits for normal oper- 
ating conditions for times as low as 18 
eveles for the single-weld specimens, 
Whether or not any particular operating 
schedule can satisfactorily withstand a time 
reduction as much as 25% is a function of 
the schedule and the weld spacing. For 
example, using all other conditions the 
same, if an 1I8-cycle time period would 
have been selected as a normal schedule, a 
25% reduction in time would have, on the 
average, reduced the strength to 2800 Ib 
which is an unpermissible amount 

Groups 16 and 19 wherein the current 
magnitudes were varied first plus and then 

25% 


minus 25% are of particular interest and 


significance. The increase in current did 
not materially alter the average subgroup 
strength but the consistency within the 
group was not good. Some expulsion was 
obtained and this contributed to the erratic 
results 
at the higher current levels would acceler- 


In practice continued operation 


ate the deterioration of the electrodes and 
increase the irregularities in the welds 
The reduced current subgroup produced 
welds much lower in strength, as shown by 
Fig. 3, and the shear values were outside 
the control limits, as shown in Fig. 11. 
The strengths were also inconsistent among 
themselves as was to be anticipated from 


the shape of the current-strength curve in 
Fig. 3. 

Subgroups 22 and 25 were made with 
over and undersized contacting ends on the 
Neither 


large variations in weld strength although 


electrodes change resulted in 
the larger ended electrode produced the 
more inconsistent results It is possible to 
use the electrode shape involved with small 
end diameters, although extremely small 
diameters cannot be maintained in produc- 
tion because the high pressures tend to 
cause mushrooming or enlargement of the 
initial size from plastic flow. 

Subgroup 28 was made with two pieces 
of 0.125-in. thick, 
established schedule was not intended to 


low-carbon steel. The 


be adequate for this thickness and the 
results are out of control on the low side 
The weld strengths made with the same 
0.060 to 0.125-in 
data for the 
Material variations def- 


schedule across the 


thickness range provided 
curves in Fig. 9 
initely enter into the consistency control 
problem. For a specifie schedule some 
variation in thickness is permissible but 
usually such thickness ranges are small. 
The control limits set up in Fig. 11 ignore 
the deliberate variations in schedules im- 
posed for purposes of illustrating the 
effects, 


30 group observations. The limits are 


The averages are based upon the 


established following standard procedures.? 


SUMMARY AND CONCLUSIONS 


\ series of tests were conducted to show 
how both the strength and consistency of 
spot welds vary with welding and work ma- 
terial Best 
usually obtained when welds of maximum 
strength are being produced. Advantage 
can be taken of this fact by establishing 
production schedules within the range of 
The de- 
termination of this range provides data on 
The provision of suit- 


conditions consistency 18 


best strength and consistency. 


operating limits, 
able instrumentation to assure that the 
limits are not being violated can be taken 
as an assured method of welding control. 
The most consistent spot welds are pro- 


duced when the welds are of maximum 
strength and the welding conditions are 
within mid-range for producing those 
strengths 

The basic reasons for the production ol 
inconsistent spot welds are related to the 
use of sensitive schedules, too-wide varia- 
tions in the welding conditions and insuffi- 
current shunting 


cient allowance for 


through prior welds There ure others, 
such as surface conditions, analyses varia- 
tions, and shifting amounts of metal within 
the secondary loop 

When uniform material and operating 
conditions are used in combination with 
schedules insensitive to minor variations, 
spot welds in steels having a coefficient of 
variation less than 5% can readily be pro- 
duced 

Using statistical methods in the deter- 
mination of the suitability of the original 
schedules and knowing the influence of 
welding variations in the results it is pos- 
sible to establish rational ope rational 
limits within which production may be 
carried out with assurance that welds of the 
desired strength and uniformity are being 
produced 

The use of suitable indicating devices for 
assuring that operations are being maine 
tained withia the known limits assures that 
satisfactory welds are being produced withe 
out the need of time consuming and costly 
routine inspection testing with its resultant 
production delays 

It is possible to select welding schedules 
which are sufficiently insensitive to varia 
tions in both welding and material con 
ditions that substantial changes can be 
effected without either the 
strength or consistency of the results pro 
duced. Such schedules are desirable from 


the point of view of uniformity of produe 


influencing 


tion quality. 
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sample. These fluorescent rays are re- 
flected through a narrow slit at right angles 
to the path of the primary X-ray to a crys- 
tal monochromator. This crystal is in the 
center of a circle one-fourth of whose cir- 
cumference is traversed by the Geiger 
counter in its round of analysis. The 
counter is moved by motor in this scanning 
operation. 

When used by a prospector for detecting 
radioactive substances in nature, the 
counter indicates their presence by clicks 
which can be counted accurately. The 


instrument used in the Kearny laboratory 
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has a counting circuit, like other labora- 
In this ease, however, the 


tory counters. 
counter has been connected to a standard 
recording instrument, a_ self-balancing 
“potentiometer,” which automatically 
plots the intensities of the various elements 
on graph paper. 

This method of analysis is best adapted 
to detect and measure elements of “mid- 
dle” atomic weight. Among these are the 
elements most. often combined with iron 
and carbon .to form the various steels in 
common  use—chromium, manganese, 
molybdenum and nickel, as well as copper, 
which is frequently added to a steel com- 
position to lessen corrosion. Also included 
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in this class of alloying elements are some 
whose use is growing more and more fre- 
quent, such as columbium, titanium, 
tungsten and vanadium. 

The usefulness of this new and fast 
method of steel analysis is readily appar- 
ent. It promises great advantages in the 
laboratory, where many determinations of 
chemical content are necessary. Still 
more important will be its usefulness, 
when fully articulated, in steel operations. 
Here it is necessary for the operator of a 
steel-making furnace to know quickly, at 
various steps of his furnace’s heating cycle, 
whether he is getting the exact steel com- 
position required in his order. 
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Notch Sensitivity of M 


® The notch sensitivity of mild steel plates as determined by the cleavage-tear 
test, tensile, bend and Charpy impact tests are compared. 
ing procedures are described and desirable properties in steel are discussed 


by A. B. Bagsar 


Abstract 


Notch sensitivity characteristics of several open-hearth, 
rimmed, semikilled and killed steels of structural and pressure 
vessel qualities, in the form of plates and representing the thick- 
ness range of '/, to 2'/,in., were evaluated by the use of several 
types of notched bar tests. The tests used were the cleavage- 
tear group consisting of tensile-bend, tensile and bend tests, 
and the impact group consisting of a series of Charpy tests using 
keyhole and V-notched coupons. The criterion of notch sensi- 
tivity used in cleavage-tear tests was the changes in nominal 
yield and nominal breaking strengths, most of which were deter- 
mined cinematographically, and that in impact tests was the 
change in energy of fracturing. 

For « given steel plate in as-received, normalized, water 
quenched or strain-aged conditions, and with fractures trans- 
verse to rolling, the transition temperatures determined by all 
tests of the cleavage-tear group agreed with each other closely 
for a given condition. For steel plates of '/; to 1 in. in thickness, 
the transition temperatures determined by the use of V-notched 


INTRODUCTION 


HE response of different steels to stress is essen- 
tially the same within the elastic range, since the 
modulus of elasticity of all steels is considered to be 
Within the elastic range the 
strain is simply proportional to stress. However, this 
simple relationship is not obtained within the plastic 
range. Different steels manifest different characteris- 
tics as the elastic range is exceeded and exhibit individ- 


practically the same. 


ualities with respect to flow, manner of distributing 
stresses, extent of work hardening and other details. 
Although the conventional tensile test yields data of 
practical importance, it does not reveal some of the 
important individualities of steels within the plastic 
range. It has long been recognized that the introduction 
of a suitable notch in the test piece is necessary in order 
to distinguish the so-called tough or ductile from brittle 
steels, also to determine the behaviors of steels within 
the elastic and plastic ranges in presence of a notch. 
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Simplified test- 


Charpy coupons were also found to agree with those determined 


by the cleavage-tear group of tests, and to be about 100° F. 
higher than those determined by the use of the standard keyhole 
notched Charpy coupons. No similar agreement was found with 
fractures parallel to rolling, and with the steel in the annealed 
condition. 

The cleavage-tear tests were found to have certain inherent 
advantages over impact tests, including the following: Cleavage- 
tear tests are more informative regarding notch sensitivity 
characteristics and determine the significant temperature, 7’, at 
which the yield and breaking strengths of a steel coincide with 
each other; they disclose anisotropic properties of steel plates; 
they evaluate the effect of section thickness; they reveal which 
heat treatments increase and which ones decrease the resistance 
of a steel to cleavage crack propagation; and they are simpler 
Although no definite relationship was 
established between grain size and transition temperature, the 
killed steels as a group were found to be superior to the other 


and more economical. 


grades of the same thickness. 

On the basis of the test data presented, simplified testing pro- 
cedures are described for establishing notch sensitivity charac- 
teristics, which are of importance for evaluating the quality of 
steel plates intended for all-welded construction of monolithic 
type. Properties which are desirable in steels intended for such 
applications are discussed, 


A notch of suitable acuity restricts lateral flow, in- 
duces a state of multiaxial stresses and localizes stresses 
on a relatively small section of the metal at the root of 
the notch. Nevertheless, even in notched sections some 
steels under certain conditions are capable of undergoing 
considerable flow or deformation at the root of the notch 
as stress is applied, by which process the localization of 
stress at that point is materially reduced. As the stress 
is increased further, additional readjustments occur un- 
til a stress level is finally reached at which failure occurs 
by the ductile or shear mode. Some other steels, on the 
other hand, are incapable of sustaining any pronounced 
flow at the base of the notch under the same conditions, 
as a result of which the section fractures suddenly by 
cleavage or in a brittle manner as soon as a certain 
stress is reached. The first type of steels is less sensi- 
tive to the notch effect and more ductile than the second 
type of steels. In the absence of a notch of proper ge- 
ometry, the difference between the behavior of these 
two*types of steel would not in general be manifest. 

In addition to imparting testing sensitivity, it is be- 
lieved that notches simulate some of the conditions 
under which cleavage failures occur in service, since it 
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has been observed that practically all cleavage cracks in 
service in monolithic or massive structures originate 
from a discontinuity or defect acting as the notch. The 
rise in the yield strength of steel observed on decrease 
of temperature is more abrupt in the presence of the 
notch. The practical importance of the latter observa- 
tion is that if the yield strength rises abruptly within a 
relatively narrow range of temperature, it will coincide 
with the breaking strength of the steel at some point 
within that temperature range and the section will fail 
by cleavage or in the brittle manner. 

In recognition of these facts a large variety of notched 
bar test coupons have been proposed in the past and 
used for investigating notch sensitivity. Although sev- 
eral types of impact tests have found favor for the past 
several decades, it has been felt that the data obtained 
by these tests are only qualitative, since the test cou- 
pons used in impact testing are small in cross section and 
do not, therefore, simulate the rigidity and multiplicity 
of stresses encountered in large structures of all-welded 
construction. In view of this, and because of a num- 
ber of failures in welded ships, pressure vessels and 
storage tanks, intensive investigations and research 
have been undertaken in this field by various agencies 
and laboratories, with the object of studying the details 
and variables affecting notch sensitivity determination 
of steels. 

The effect of notches on the behavior of a steel, or 
briefly the “notch sensitivity” of a steel, can be consid- 
ered in a broad sense as being an index of the individual- 
ity of the steel under the state of stress developed by the 
geometries of the notch and the test piece, and by the 
test conditions. In a previous paper! the author has 
reported the results of an investigation on the effects of 
geometrical variations of the test coupon and of the 


notch on the fracturing characteristics and ductility 
transitions of numerous steels, and has indicated that 
the notch sensitivity of a steel can only be expressed in 
relative terms of test coupon geometry or of the stress 
system involved. It has generally been assumed in the 
past that the notch sensitivity of a steel is best deter- 
mined by the degree of decrease in its ductility in the 
presence of a notch. In the paper referred to above, it 
was shown that notch sensitivity can also be effectively 
determined by the yield and breaking loads with the use 
of test coupons of proper geometries, since within the 
temperature range where pronounced decrease occurs 
in the duetility, a similar decrease also occurs in the 
breaking loads. 

In the present investigation, two groups of notched 
bar tests were conducted on nine steels of pressure ves- 
sel and ship-plate qualities, covering the thickness 
range of '/,to 2'/,in. The first group of tests involves a 
relatively slow speed of testing and is termed ‘‘cleavage- 
tear” because this term describes the manner of fracture 
propagation in the brittle and ductile states. This 
group includes tensile-bend or tear, tensile and bend 
tests. The second group consists of impact tests, using 
Charpy impact coupons with notches of various types. 
In the cleavage-tear group of tests notch sensitivity 
characteristics, including transition temperatures and 
the temperatures of coincidence of yield and breaking 
strengths, were established by the nominal yield and 
breaking stresses determined over a range of tempera- 
tures, whereas in the impact group of tests energy of 
fracturing was used in the conventional manner as the 
measure of notch sensitivity. 


MATERIALS OF TEST 


Nine different open-hearth steels in the form of plates 


Table 1—Chemical and Physical Properties of Steels Tested 
Steel 15 Steel 16 Steel 17 Steel 18 Steel 19 Steel 20 Steel 21 Steel 22 Steel 23 
Plate thickness, in. 1 l 1 1 2'/. 
Chemical compositicn, 
C7. 
Carbon 0.20 0.17 0.19 0.20 0.17 0.18 0.21 0.20 0.25 
Manganese 0.45 0.40 0.42 0.63 0.44 0.44 0.43 0.45 0.45 
Phosphorus 0.019 0.012 0.015 0.020 0.014 0.014 0.010 0.020 0.015 
. Sulphur 0.029 0.034 0.030 0.033 0.023 0.026 0.028 0.045 0.024 
Silicon 0:07 0.18 0 07 0.07 0.17 0 20 0 02 0.01 0.05 
Tensile properties 
(fractures trans- 
verse to rolling): 
~ Tensile strength, psi. 59,300 64,500 58,000 61,300 65,700 62,000 65,800 60,500 63,500 
Yield point, psi 30,400 39,300 32,900 31,400 36,500 39,000 44,100 37,000 33,500 
Elongation in 8 in., 
% 31.0 28.0 31.0 34.4 32.3 33.0 28.0 27.0 31.7 
Brinell hardness num- 
ber 132 143 135 137 142 137 144 160 155 
Grain size, normality, 
and inclusion con- 
tent: 
Actual grain size 5-6 8-9 6 5-7 6-7 +5 9 s-9 5-7 
Austenitic grain size 3 8.5 3 34 6 5-6 a 5-6 6-7 
MeQuaid-Ehn nor- 
mality Normal Slightly Normal Normal Normal Normal a Normal Normal 
abnor- 
mal 
Inclusion content 
and type D thin 4 D thin 4 Dthin5d Dthin3 Dheavy2 Dheavy5  D thin 4 D thin4 D heavy 2 
and D and D and A and A and <A and C and C and A and } 
heavy 3 heavy 4 heavy 3 heavy 1 heavy 1 thin 4 heavy 3 heavy 2 thin 


* Not determined. 
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covering the thickness range of '/, to 2'/, in., were used 
in this investigation, the chemical and physical proper- 
ties of which are given in Table 1. In Table 1 are also 
included for reference the Brinell hardness, the actual 
and austenitic grain sizes, McQuaid-Ehn normality, and 
the inclusion type and content of each steel. Steels 16, 
19 and 20 were of killed type, Steel 16 being titanium 
deoxidized and made by the fine grain melting practice. 
Steels 21 and 22 were of rimmed type, and the remain- 
ing steels of semikilled type. As is evident from the 
data given in Table 1, all the steels selected for this in- 
vestigation show properties which are normal for the 
respective grades, as determined by conventional tests. 

The microstructures of these steels are shown in Fig. 
2, at a magnification of 100 diameters. 

Steel 16 was included in order to determine whether 
or not a fine grained steel of this type would show radi- 
cally different results than the other steels. The remain- 
ing steels were randomly selected from our stock of 
plates of pressure vessel and ship-plate qualities avail- 
able at the time, which had been purchased on standard 
specifications covering these grades; they were not spe- 
cially purchased for this investigation. 

Due to the fact that in some of the steels selected for 
this investigation there was only a limited stock remain- 


ing from previous tests, such steels were subject to a 


group of representative tests only and not to all the tests 
described. It is believed that these representative tests 
are sufficient to indicate clearly the trend in the latter 
steels, with respect to notch sensitivity. 


TEST COUPONS, EQUIPMENT AND TESTING 
PROCEDURES 


Test Coupons 


: In this investigation two groups of tests were used 
The cleavage-tear 

group consisted of tensile-bend, tensile and bend tests, 
: using a different type of test coupon for each type of 

test. In the impact group three series of tests were con- 
ducted, using the standard Charpy coupon, 10 mm. 
square by 55 mm. long, but a different type of notch for 
each series. The dimensional details of these test cou- 
pons are given in Fig. 1. The following is a list of the 
types of tests and coupons used in each of these two 
groups of tests: 


‘ namely, cleavage-tear and impact. 


1. Cleavage-Tear Tests: 
Tensile-bend, D-type coupon. 
Tensile, T2 and T3 types of coupon. 
Bend, DX-type coupon. 


2. Impact Tests: 
Standard Charpy, 
pon. 
Standard Charpy, 2-mm. deep V-notch, V2- 
type coupon. 
Special Charpy, 5-mm. deep V-notch, V5-type 
coupon. 


keyhole-notch, K-type cou- 


Of the cleavage-tear group of tests, the tensile-bend 
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COUPONS FOR CLEAVAGE-TEAR TESTS 
2" DIAM. 
HOLE 


2452 
te 


R= 0.0015" 


O. 
(OR AS SPECIFIED) 


TENSILE, T-—TYPES 
NOTCH 
FOR D,T2,T3 & 
x 
DX COUPONS 
' 


b= full plate 


BEND, OX —TYPE thickness 


COUPONS FOR IMPACT TESTS 


ye NOTCH 
t 0.394" 
| 


745°. 
079 Ly} 
R=0.039" R= 0.01" R=0.0!" 
K-—TYPE V2 —TYPE V5-—TYPE 


Fig. 1 Details of the cleavage-tear and impact coupons 
used. Types K and V2 impact test coupons are identical 
with A.S.T.M. types B and A (4.8.7.M. Specification 

coupons, respectively 


test was used extensively by the author in a previous in- 
vestigation.' Use also has been made of the bend® and 
tensile tests by the author in previous investigations, as 
exploratory tests. In impact tests, the K and V2 types 
of coupon used are the same as types ““B” and ‘‘A’’ test 
coupons of A.S.T.M. Specification E23-41T, 
tively. The V5-type impact coupon is the same as the 
V2-type except its notch has a depth of 5 mm. instead of 
2mm. as in V2-type. The V5-type coupon was initially 
used for determining the effect of notch root radius vari- 
ations on transition temperatures, for which work the 
use of a deeper notch was found necessary in order to 
cover a wider range of notch root radius variations with- 
out changing the notch depth. However, the V5-type 
coupon was used considerably in this investigation for 
other determinations, since V2 and V5 types of coupon 
were found to yield practically the same transition tem- 
peratures. 

As shown in Fig. 1, in all test coupons the notch used 
is located in one edge of the test piece. The use of edge- 
notched test coupons was given preference because pre- 
vious work has indicated that test coupons of this type 
have a satisfactory sensitivity,.especially in cases where 
eccentric loading is introduced.” * 

The blanks for types D and DX coupons were pre- 
pared by torch cutting. The edge which was to be 
notched was machined off to a depth of at least '/, in., 
so as to remove the heat-affected zone. Types T2 and 
T3 tensile coupons were prepared in the conventional 


respec- 
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manner, by machining the two edges. In all cases the 
full thickness of the plate to be tested was the thickness 
of the test coupon. The impact test coupons were 
machined from the mid-thickness of the plate and fin- 
ished to final dimensions by grinding. They were 
notched at right angles to the rolled surfaces of the 
plate. 

The V notches in impact coupons were rough ma- 
chined and then milled to final dimensions, in which 
operation a single-point milling tool was used. The 
finished notches were carefully checked for angle and 
root radius. The keyhole notches in the impact cou- 
pons were the conventional type, the holes being drilled 
with No. 47 drill (radius = 0.039 in.) and then the sec- 
tion saw cut to the drilled hole. In cleavage-tear cou- 
pons the notching was done by the pressing method! ex- 
cept in those in the normalized and water-quenched con- 
ditions. Because of their hardness, the latter coupons 
were notched by machining, using the two-stage milling 
method described for notching the impact coupons. 


Testing Equipment and Procedures 


All cleavage-tear tests were made on a 300,000-Ib. 
capacity hydraulic testing machine. In the case of ten- 


te 


a 


| 
a 


x By 


sile-bend or D-type coupons, the load was applied 
through pins inserted in the loading holes of the test 
coupon, special clevis and pin-type grips being used. 
For tensile or T-type coupons the conventional grips 
for testing flat tensile coupons were used. The bend or 
DX-type coupons were tested edgewise, in the compres- 
sion section of the tensile testing machine, as a simple 
beam, they being supported near the ends and the load 
applied at the center opposite the notched edge, using 
rounded bars for the supports and for applying the load. 

All impact tests were made on a pendulum-type im- 
pact testing machine of 240 ft.-lb. capacity, the hammer 
setting being at the 120 ft.-lb. level and the striking ve- 
locity 12.8 ft/sec. 

The temperatures of the test coupons were regulated 
by liquid baths held at the prescribed temperature, im- 
mersion being for a duration of about 1 hr. before test- 
ing. 

In evaluating the notch sensitivity characteristics of 
a steel, the procedure followed in cleavage-tear tests 
consisted of determining the nominal yield and nominal 
breaking strengths at various temperatures. By plot- 
ting these strength values against temperature, two im- 
portant points on the resultant curves were established 


as indexes of notch sensitivity. One of these was the 


Fig. 2 Microstructure of steels tested, at a magnification of 100 diameters. Steels 21 and 22 are of rimmed, Steels 15, 
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17, 18 and 23 are of semikilled, and Steels 16, 19 and 20 are of killed quality 
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Table 2—Cinematographic Determination of Nominal Yield, Yy, and Nominal Breaking, Sy, Strengths of Steel 
23 in Conditions Indicated, by Use of Types D, T3 and DX Coupons (Values Are in Pounds per Square Inch) 


D-type coupon; T3-type coupon; DX-type coupon; 
steel, as-recewed ~ as-received steel, waler quenched 
Time Time Time 
interval, Test temp., ° F. interval Test temp., ° F. interval, Test temp., ° F 
Sec. 100 80 sec. 100 sec, —70 70 
21,000 11,200 V/s 10,000 12,800 34,600 26,600 

1 24,800 16,800 1 11,700 14,700 1 50,800 $3,900 

1 29,300 22,000 2 16,000 18,300 1'/; 71,600 61,200 

2 33,500 26,500 3 20,300 21,800 2 86,600 78,0002 

2' 37,300 30,600° 24,900 24,900 104,000° 91,200 

3 41,200 34,500 5 29,700 27,400 3 102,200 

3'/; 15,400 37,000 6 33,600 29,700 3'/s 110,800 

‘ 18,500 39, 100 7 36,500 32,000° 4 116,600 

ti 52,000 42,200 Ss 38,600 34,000 4'/, 123,500 

5 55,0006 44,300 9 40,700 34,100 5 129,400 

45,900 10 43,000 35,500 5'/2 134,000 
6 47,500 11 44,800 37,300 6 138,000 

6! $8,500 $5, 000° 38,200 6'/5 142,000 

7 49,200 12 39,100 7 144,5004 

49,500° 13 40,700 7"/s 148,500 


150,700 


152,500 


IS 47,500 10 150,700 
19 48,700 149,000 
20 50,000 11 146, 100 
21 51,200 142,600 


52,200 


* Nominal yield point = 83,200 psi. * Nominal yield point. *¢ Cleavage fracture (nominal yield strength = nominal breaking 
strength). 4 Beginning of shear fracture. * Cleavage-shear fracture 


transition temperature 7), which is characterized by the The cinematographic method simply consists in pho- 


‘ abrupt change in the nominal breaking strength values. tographing simultaneously the dial of a running clock 

The second was the 7, temperature, at which the nomi- and the load-indicating dial of the tensile machine by a 

D nal yield and nominal breaking strengths coincide with motion-picture camera, as the test piece is being loaded 
each other. In impact tests, the notch sensitivity was to the yield and fracture loads. This establishes the re- 

. determined by the conventional method, consisting of sponse of the entire test system to load, in terms of time. 

' plotting the impact values against temperature. The From the load values thus determined the correspond- 


latter tests established transition temperatures only. 

In the cleavage-tear tests the nominal breaking loads 
and in some cases the nominal vield loads could be de- 
termined by direct readings of the load indicating dial 
of the tensile-testing machine. In most cases, however, 
the vield loads could not be accurately determined by 
such direct readings, especially in tests made at tem- other irregularities occur.’ Typical nominal stress vs 
peratures appreciably below the transition tempera- time curves are shown in Fig. 3, which were constructed 
tures. In all such cases use was made of the cinemato- from the data given in Table 2, derived from cinemato- 
graphic tests. 


ing nominal stresses for each type of test were computed 


as described in a subsequent section of this paper. It is 


apparent that the load or nominal stress, up to the yield 


point, is directly proportional to time, just as it would be 


proportional to strain, unless slippage in the grips or 


graphic method. 
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In order to illustrate the usefulness of nominal stress 
vs. time relationships obtained by the cinematographic 
method, the details of Fig. 3 will be discussed here. In 
this figure are included nominal stress vs. time curves 
obtained on Steel 23, at two temperatures each for 
tensile-bend, tensile and bend tests. The tests with 
types D and T coupons were made on the steel in the 
as-received condition, whereas those made with DX- 
type coupons were on the steel in the water-quenched 
condition. It is to be observed that up to the yield 
point the nominal stress vs. time relationships are repre- 
sented by straight lines in all these three types of tests, 
except that a change occurs in the slope of curves of T3- 
type tests, at points A, probably due to the preliminary 
vielding or adjustment of the unnotched edge of the test 
coupon. 

Figure 3 shows that at low temperatures the nominal 
vield stress coincides with or exceeds the nominal break- 
ing stress in all these three types of test, since at low 
temperatures fractures produce no measurable per- 
At high 


temperatures, the stress vs. time relationship likewise 


manent deformation of the piece as a whole. 


remains a straight line up to the yield point, which point 
incidentally occurs at a considerably lower level than in 
the previous case, and pronounced yielding or deforma- 
tion occurs as the stresses are increased, until fracture 
develops. The latter is typical of the ductile or shear 
fracture. At certain intermediate temperatures, such 
as at the transition temperature range, both ductile and 
brittle fractures may occur. It is also to be noted from 
Fig 3. that the water-quenching treatment increases the 
strength and materially lowers the transition tempera- 
ture of the steel. This effect is discussed in a later sec- 
tion of the paper, dealing with heat treatments. 


Standard Conditions of Test 


In this investigation, unless otherwise stated, the 
steels were tested in the as-received condition and with 
fractures transverse to rolling of the plate. In all cleav- 
age-tear tests the rate of load application corresponded 
to a movement of 2 in. per minute of the crossheads of 
the tensile-testing machine. The standard notch in all 
cleavage-tear tests was 4/), in. deep with a root radius of 
0.0015 in. and 45° included angle. In all cases where the 
steel was subjected to heat treatments, cold working, 
aging, etc., the notching of the test coupons Was done 
after the completion of these treatments. For deter- 
mining certain parameters, deviations have been made 
in some tests from these standard conditions, which de- 
Viations are described in detail in the discussions of the 
respective tests. 

In cases where heat treatments were applied the fol- 
lowing standard procedures were used: annealing con- 
sisted of heating to 1650° F. for 1 hr. and furnace cool- 
ing; normalizing, heating to 1650° F. for 1 hr. and cool- 
ing in air; water quenching, heating to 1650° F. for | 
hr. followed by quenching in water from this tempera- 
ture. Cold working used in these tests comprised 


proper correction. Expressing this mathematically one 
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stretching the steel at room temperature to obtain 5% 
elongation in the direction of rolling of the plate. Aging 


consisted of heating for one hour at 400° F. 
TEST RESULTS 
Basis for Comparison 


It was found necessary to use a common basis for 
comparison of the results obtained by the various tests, 
in order to ascertain whether or not a correlation of 
these results would be possible. For comparing the im- 
pact group of test results with those of the cleavage-tear 
group, the only basis of comparison found was transition 
temperature, since determination of transition tempera- 
ture was the only feature which was common to these 
two groups of tests. For comparing with each other the 
various types of tests in the cleavage-tear group, the 
basis of comparison used was the transition tempera- 
ture, 7, and the temperature of coincidence, 7, of the 
nominal breaking and nominal vield stresses, as revealed 
by each of these types of tests. As stated previously, 
T and T,, are established in these tests by the relation- 
ship of temperature vs. nominal yield and breaking 
loads, or temperature vs. the corresponding nominal 
stresses. Inasmuch as the vield and breaking loads var- 
ied greatly depending upon the type of test coupon 
used, it was felt preferable to express the results in terms 
of nominal stresses. 

In computing the nominal stresses of the cleavage- 
tear tests from the corresponding values of the load at 
the vield and breaking points, the presence of the notch 
For the notched 


tensile coupons, designated types T2 and T3, these 


in the test coupon was disregarded. 


stresses were computed in the customary manner by 
dividing the total sustained load, P, by the cross-sec- 
tional area, A. In the bend tests, in which DX-tvpe 
coupons were used, the nominal stresses were assumed 
to be equal to stresses computed by the flexure for- 
mula: Sy = Me//, in which Sy is the nominal stress, VW 
is the bending moment, ¢ is distance of the outer fibers 
from the centroidal axis of the coupon, and J is the 
moment of inertia of the section. Although it was 
realized that this formula is applicable only within the 
elastic range and in absence of the notch, nevertheless 
its use was found to be satisfactory for purpose of com- 
parison. It will be noticed from the respective data 
presented in a subsequent section of this paper that the 
nominal yield and breaking stresses for bend tests com- 
puted by this formula are somewhat higher than those 
revealed by the other two types of tests in the cleavage- 
tear group. 

In the D-type or tensile-bend tests the nominal 
stresses are the result of the flexural and the applied 
tensile stresses. These nominal stresses were computed 
by the superpositioning method,' which consists of 
adding the tensile stress produced by straight tension to 
the tensile stress induced by bending, after applying the 
Expressing this mathematically one 


proper correction. 
obtains: Sy = P/A + n(Me/J), in which Sy represents 
the nominal stress, P,A,.V,c and J have the same defini- 
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tions as those given in the preceding paragraph, and n 
is the notch correction factor. For D-type coupons this 
mathematical expression can be simplified! to the form: 
Sy = 3.925 (P/A). The nominal stresses for tensile- 
bend tests could therefore be readily computed by this 
formula, after P/A values were determined by direct 
measurements. 

In constructing the charts included in this paper the 
average instead of individual test results were plotted. 
This was done for the sake of making the charts as legi- 
ble as possible; the individual test results are given in 
the respective tables. In all cleavage-tear and impact 
tests the transition temperature is taken to be the point 
of inflection of the transition curve. 


Notch Geometry 


As has been stated the standard notch used in all 
cleavage-tear tests was */,». in. deep with 0.0015 in. root 
radius and 45° included angle. Although the selection 
of a notch of this geometry was based on experimental 
data previously published,' some additional tests on the 
effect of notch root radius variations were found to be 
necessary in the present investigation. Since the ge- 
ometry of the impact coupon is radically different from 
that of the tensile-bend coupon, similar tests were also 
found to be necessary in impact tests, so as to determine 
the influence of variations in the notch root radius on 
the transition temperatures determined by the latter 
tests. 

The results of the tensile-bend tests, using notches 
with different root radii, are summarized in Table 3. A 
portion of these data is based on previous tests! in 
which the P/A values were used as the index of com- 
parison. These P/A values were converted into nomi- 
nal stresses by the method deseribed and included in 
Table 3 for obtaining a broader base of comparison. It 
is to be noted that in the tests included in this table the 
notch root radius variations cover the range of 0.0008 to 
0.039 in. In order to establish the general trend more 
definitely, three different steels were subjected to these 
tests, these being Steels 18, 22 and 23. At the bottom of 
the table are given the transition temperatures of each 
steel corresponding to each notch root radius used. 

The impact test results on the effeet of notch root ra- 
dius variations are given in Table 7. These tests were 
made on Steels 17 and 23, using V5-type impact cou- 
pons. In this case the variation of the notch root ra- 
dius covers the range 0.0008 to 0.085 in. The transition 
temperatures of each steel corresponding to each notch 
root radius used are similarly given at the bottom of the 
table. 

Figure 4 shows graphically the results of tensile-bend 
and impact tests on Steel 23 with the use of D-type and 
\5-type coupons, respectively, containing notches of 
various root radii. The transition temperatures are in- 
dicated by short vertical lines through the curves. It is 
to be observed from the impact curves given in the up- 
per portion of this figure that the energy vs. tempera- 
ture curves shift to the left, which means that the transi- 
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Fig. 4 Effect of notch root radius variations on transition 
temperature of Steel 23, determined by V5-type impact and 
D-type tensile-bend tests 


tion temperatures decrease, as the notch root radius is 
increased from 0.01 to 0.085 in. It is also to be ob- 
served that the energy vs. temperature curve, as well as 
the transition temperature, is the same in impact tests 
for notch root radii 0.0008 to 0.01 in. It appears that 
impact coupons being small in cross-sectional area lack 
sufficient rigidity below the notch to be sensitive to vari- 
ations in the notch root radius within the latter range. 
An examination of the nominal stress vs. temperature 
curves for tensile-bend tests shown in the lower portion 
of Fig. 4 reveals that the transition temperatures estab- 
lished by the tensile-bend test decrease progressively as 
the notch root radius is increased from 0.0015 to 0.017 
in., Which was not the case in impact tests just dis- 
cussed. A second point to be noted is that in this test 
the nominal breaking stresses for D-type coupons con- 
taining notches with root radii from 0.0015 in. up to 
0.0075 in. are lower for temperatures immediately below 
the transition temperatures than those above the transi- 
tion temperatures, whereas for coupons having a notch 
with 0.017 in. root radius the reverse is true. It is ap- 
parent that in tensile-bend tests the use of notches 
greater than about 0.01 in. in root radius modifies the 
stress system in such a manner as to make the nominal 
stress for cleavage considerably higher than that for 
shear. The third point to be observed is that the tran- 
sition temperature for Steel 23 as indicated by V5-type 
impact coupons with notches 0.0008 to 0.01 in. in root 
radius is practically the same as that indicated by D- 
type tensile-bend coupon containing the standard notch 
with 0.0015 in. root radius. 
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In Fig. 5 is shown a somewhat broader comparison be- 
tween the impact and tensile-bend test results. 
figure the transition temperatures, in 
several steels are plotted against notch root radii, using 
logarithmic scale for both axes of the plot. The left half 


In this 


absolute, of 


temperature, T', 
22 and 23, determined by tensile-bend tests with the 
The right half of 


use of D-type coupons. 
the same relationships of 7) vs. 2 for Steels 17 and 28, 


of this figure shows the relationships of the transition 
vs. notch root radius R, for Steels 18, 


Fig. 5 shows 


Table 


Test 
temp., 


3—Effect 


Psi., Determined by 


of 


R 
Steel 18, 
Sy 


44, 600-45, 500 


47,100 
45,100 


45,900-47,500 


$7, 100-62,000 


52,200-61,200 
58, 800-14 000 


Temperature 


0.0008 in 


Steel 22, 
Sy 


) 48,300-51,000 
40,800 
91,000 
53,000 

58, 800-59,600 

57,000-58, 800 

58, 800-59, 300 


59,700-62,000 
59,300 


on 


Nominal Yield Strength, Yy, and Nominal Breaking Strength, Sy, in 
Use of D-Type Coupons with Indicated Notch Root Radius, R 
R = 0 0015 in. 
Steel 14, Steel 18 . Steel 21 Steel 22 
Sw } N Sy Sy Yy Sy 
57,200 57,200 64,000 64,4002 
61,5002 
57,400 59,0002 
47,100 17,100 
53,700 55,0002 
49, 100° 57,0002 
5S, 600° 
P 59,000¢>4 
53,000 58,0004 52,200 52,200 
17, 500-48, 700° 17,700 17, 100-47,500 58,900°4 19,900-51,000 
51,000 
19, 100% 46,300-48,300 50,200-51,400 
36,500 19,500 
46,300-52,200 53,000¢-4 51,800 
48,300—44, LOO’ 39,000 53,000 
56,200 $8,300-64,800 52,200 58. 800-60,000 
62,400° 19, 100-56,200 
64,000-66,700° 38,500 58,900 51,800 
60, 800-65, 600 
37,300 52,200 61,200 
65,600 
64,400 
67,200 $9,900 60,000 
64,000 
103° F 105° F -10° F 92° I 


105° F 


R = 0.0015 in 


0.0075 tn 


temp., Steel 23 Steel 18 — Steel 22 Steel 23 
F. Yy Sy Sy Bn Sy Sy 
100) -53,800-55,000 —-53,800-55,000 56,200-59,700 
70 60,000-—60,900 

--40 415,500 15,500 
20 55,000 58,900 
10 42,200 48,700 
32. 35,300-36,900 48,300-52,200  43,200—-47,900 49,100 59,900 57,000 60,500-60,800  53,800-55,000 
53,800 60,000-61,600 
60 24,800 47,500 53,800 66,800-68,000 55,800 
70 46,300 62,400 54,200 65,600-66,000 55,000 
80 30,600 49,500 52,200-57,700 
00 49,500-49,900 45,600-46,700 45,900 69,900 53,800 66,800 51,400-55,000 
95 49,900-55,800 55,800 
100 31,400 49, 800-55,700 43,200 43,200 64,800 58,100 
110) -27,500-30,900 53,000-67,500 15,900 57,700 
120 62,800-69,000 45,200 66,800 
130 45,200—45,200 
140 62,800-69,000 45,900 46,300 
150 45,900-57,700 58,300 
200 30,500 65,600 45,900 . 
212 33,600 66,000 42,000-43,200 —65,200-66,000 
T° 110° F. 80° FP. 58° F. 90° F 
Test - R = 0 017 in— ——R = 0.039 in. - 
temp. -— —Steel 22- . Steel 23, Steel 18, — Steel 22 — 
F. Sw Sy Sy Yw Sw 
10 57,700 66,800  ..... 60,000 75,800 
-10 60,000 66,400-68,700 59,700—60,800 72,600 
20 95,000 67,900 74,600 56,200-56,200 72,400 
32 56,200 65,200 60,400 70,700—73,800 51,800 70,600-73,800 
40 54,000 61,600-65,600 73,800 51,800-—52,200 69,500-73,000 
50 55,000 65,600-66,800 52,200—53,800 70,600-—70,600 
60 61,200-62,000 74,600 
70 53,400 63,600—66,800 60,500- 64,000 68,700—69,500 51,000-52,200 68,700-69,500 
80 58, 100-58, 100 68,300-—69,500 52,200 68,300—68,300 
90 57,000 ‘nen 
95 69,100 51,000 69,100 
100 56,600 
150 57,000 
212 40,400 62,800 66,700 43,200 66,700 
Te 45° F 80° F. 50° F. 30° F. 


* Cleavage fracture. 
parallel to rolling; in all others, fracture transverse to rolling direction of plate. 
temperature range covered. 
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* Notch angle, 60°. 


Shear fracture. 


4 Test 
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coupon buckled. 


*T, = Transition temperature. 
* Indeterminate by Sy vs. 7' relationship, within the 


Fracture 
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Fig. 5 Relationships between transi- 


tion temperature and notch root 
+t radius, as revealed by ¥5-type impact 
and D-type tensile-bend tests made 
| on several steels 


0.01 0.1 0.000! 0.001 
NOTCH ROOT RADIUS, IN INCHES 


determined by impact tests using V5-type coupons. 

It is evident from Fig. 5 that for a given steel impact 
tests yield the same transition temperature with the use 
of notches of any root radii within the range of 0.0008 to 
0.01 in., which was shown to be the case by Fig. 4. It is 
also evident from Fig. 5 that notches greater than 0.01 
in. and up to 0.085 in. in root radii show progressively 
lower transition temperatures in impact tests, the low- 
est transition temperature being revealed by the notch 
with the largest root radius. It is to be observed from 
this figure that in tensile-bend tests the situation is 
different. In the latter case the relationship between 
the notch root radii R and the corresponding transi- 
tion temperatures is a straight line throughout the entire 
range of R covered, the transition temperatures decreas- 
ing as the notch root radius increases. 

On the basis of these data, impact coupons containing 
notches of any root radius in the range 0.0008—0.01 in. 
could be used without affecting transition temperature 
determinations. For this reason, and for reason of ease 
of machining, the standard notch root radius for types 
V2 and V5 impact coupons used in all comparative tests 
of this investigation was 0.01 in. In this connection it is 


to be noted that the scatter in the test results generally 
found in V-notched coupons could be materially reduced 
if the notch root radius for these coupons were specified 
to be, sav, 0.01 + 0 — 0.005 in. instead of the present 
value of 0.01 in. As has been explained, this minus 
tolerance does not affect transition temperature deter- 
minations or impact values. 


Cleavage-Tear and Impact Tests 


The steels selected for this investigation were sub- 
jected to cleavage-tear and impact tests, using the 
various types of test coupons and testing procedures 
previously described. These tests were conducted at 
various temperatures for determining the transition 
temperatures and other characteristics of the steels. 
The results of the cleavage-tear tests are summarized 
in Tables 3 to 6, and those of the impact tests in Tables 
Sand 9. These data are graphically presented in Figs. 
6 to 10. In Table 7 are given results of tests on notch 
root radius variations in impact coupons, which has al- 
ready been discussed. 

In Table 3 are reported the results of tensile-bend 


Test te mp., Steel 16, 
F. 


Sy Sy 
25 55,700 
0 55,700-59,600 
32 57,600 47,000 
55 
60 
62 59,700 
70 66,600 
74 17,500 
75 68,700 
7 48,300 
80 
87 61,600 
00 70,600 
100 62,800 
120 
140 
150 
212 


Table 4—Effect of Temperature on Nominal Breaking Strength Sy, in Psi. of Steels 16, 17, 19 and 20, Determined 
by the Use of D-Type Coupons with Notch Root Radius, R = 0.0015 In. 


Steel 17, 


Steel 19, Steel 20, 
S N S 


58,850-62,000 45,150-47, 100 
61,200 
55,000-68,650 


71,800-72,600 


69,450 47,100 
69,450 
47,500-48,300 
51,800-62,800 
66,700 
68,300 
70,200 
120° F. 


* 7) = Transition temperature. 
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Breaking Strength, Sy. in 


Table 5—Effect of Temperature on Nominal Yield Strength, Yx, and Nominal 
Psi. Determined by Use of T-Type Test Coupons with Notch Root Radius, R = 0.0015 


temp Steel Steel 17, ——Stcel 18——~ ——Stee! 21—— ——_———Steel 23 
F Yy Sy Sy ry Sy Yy Sy Vy Sy 
-70 15,000 45,000 44,500 44,500 52,090 55,300 $5,099-45,900 45, 100-45,900 
10) $2,000-43,500 18,000 51,300 31,800-35,200  40,800-42,000 
20 44,000 18,000 
-10 46,000 51,300 
0 30,700-31,700  35,000-36,000 39,500 37,000 37,300 44,600 51,000 32,590-33,800 38,600-39,800 
32 20,700 34,900 37,000 36,000 38,000 29,200-33,000  35,500-36,4500 
35,000-39,000 42,700 49,900 
70 37,000—-45,000 33,300 38,000 
80 36,000—-49,800 30,000-31,000  38,200-38,600 
90 30,000-31,000 33,000-41,300 43,000—50,500 31,600 38,300 42,200 48,000 40,000 
100 32,300 38,300 31,000-32,000 43,000—46,500 
110 50,000-51,200 32,000 44,000 
120 30,700-31,300 40,000-43,000 31,700 48,300 31,890 45,600 
140 30,000-30,600 43,000-45,000 29,300 17,000 28,000-31,000 43,000-53,500 
150 49,700-—50,000 
160 30,000 15,500 
180 48,800-—50,000 30,200 54,300 
212 29,000-30,000 47,000-48,300 30,000 43,000 30,000 54,200 
To 115° F 80° F. 105° F. -10° F 110° F 


® T2-type test coupon; 


all others, T3-type. 


To = Transition temperature 


Table 


Test 


6—Effecs 


of Testing Temperature on 
Sy, of Steels 18 and 23, in the Conditions Indicated, by 
Radius, 


Nominal 


R 


Yield 


Strength, 


and 


Nominal 


Breaking Strength, 
the Use of DX-Type Test Coupoms, with Notch Root 
0.0015 In 


temp., Steel 18, as-received Steel 23, as-received 
Sy" yy" Sy’ Sy 
—100 71,400 67,200-7 1,400 104,000 110,300-111,000 
70 64,500 69,300 64,500 64,500-67 ,000 60,000 
-40 54,200-54,600 69,300-73,700 $8,500 65,800 $6, 200-64 500 67,000-72,800 
20 69,300-7 1,500 
0 19,700-60,600 68,200-68,200 30,500 68,100 37,000—-43,900 68, 100-71,500 
32 54,200-54,200 62,800-7 1,400 67,000-71,600 65,800—69,300 61,200-64,500 
+0 69,300-70,400 
60 52,000-54,200 65, 100-71,400 40,500 65,800-68, 100 
80 34,700- 35,800 67,200-72,600 38, 100 64,500 
69,300-70,400 77,400-85,200 65,800-65,800 63,500-44,700 
100 72,600-79, 100 80,400-95,800 37,000 61,700-68, 100 61,200-67,000 
110 109,500-111,500 68, 100—69,300 
120 108,300-110,500 73,000-99,300 72,800-78,600 
130 36, 800-40, 100 110,500-111,500 80,900-98, 200 63,500-69, 300 
140 110,500-112,600 34,600 102,700-104,000 34,600-35,800 86,600-92,400 
150 108,300-110,500 76,600-109,800 61,200-99,500 
160 65, 800-68, 100 
180 76,200-82,000 
212 37,900—40,000 103,000 108,300 37,000 102,700 34,600 93,600- 104,000 §1,000-82,000 
To4 105° F 110° F 120° F 170° F. 


Steel 23 in conditions indicated - 


Cold worked 


Test 
temp Innealed, Normalized, Water quenched Water quenched and aged Cold worked, and aged, 
Sy* Vy’ Sy Yy' S 
—100 109,800 109,800 104,000 104,000 
70 104,000 104,000 102,800 111,500-126,000 
—40 67,000-7 1,500 
—20 89,000 112,500 92,400 111,000 
0 92,500 119,500 83,200 111,000 
32 -60,000-63,500 —-63,500-73,900 83,200 129,300 80,900 108,000- 108,600 67,000—72,800 84,300-S6,600 
50 125,000 
60 ; 63,500-68, 100 112,000 141,500 
70 83,200 144,500 143,300 
80 57,700-69,300 143,300 
60,000-68, 100 83,000-92,400 82,000—93,500 86,600-94, 800 
100 82,000 148,000 
120 87,800 83,200 135,000 68,500 143,300 86,600-94,700 90,000-— 108,500 
-52,000-63,500 
150) 63,500-92,400 77,000-109,500 
160 = 54,300-57,700 78,500 90,000-108,500 93,600 
170 108,500-109,600 97,000—100,500 
180 106,009-108,000 113,500 
212 63,500-86,600 88,900 75,000 136,300 68,500 126,000—128,500 106,800-108,500  108,500-112,600 
To 180° F, (?) 85° F. 50° F " 50° F. 150° F. 170° F. 


* Pressed notch. ° Milled noteh, ¢ Fracture parallel to rolling direction; in all others fracture transverse to rolling. ¢ 7'5 = Transi- 
tion temperature. ‘° Aged 1 hr. at 400° F. after the treatment indicated. / Stretched 5% in rolling direction, at atmospheric tempera- 


ture, after the treatment indicated. ¢ Stretched 5% in rolling direction, at atmospheric temperature, and aged as in ¢ 
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Table 7—Effect of Notch Root Kadius on Impact Properties of Steels 17 and 23 in As-Received Condition, Determined 
by Use of Charpy Coupons V5-Type with Indicated Notch Root Radii, R° (Values Are in Ft.-Lb.) 


Test — --———Steel 17-—- -—— = —Steel 23 : 

temp., R= R= R= R= R= R= R= R= R= R= R= 

0.0008 in. 0.006 in. O.02in. 0.085 in. 0.0008 in. 0.0015 in. 0.008 in. 0.006 in. O.02 in. 0.03 in. 0.085 in 


4 


4,17, 19 


2,3 
2,3 2,3 5 1,7 37, 39 
15 5,13 5, 6,15 
32 4,6 5,6 16, 17 32, 38 4,4 3,4 4,5 3, 5 5,6 6, 11, 20 14, 39, 3 
9,12 13, 20 20, 31 
60 6,8 7, 12, 16 24, 25 33, 37 6,6 7,8 7,8 8,0 20, 22 42,43 
sO 11, 13,14 16, 16 9, 10 26, 28 30, 33 
11,13 10, 13 45, 46 
100 14, 17 20, 21, 21 29, 30 13, 13 11,17 27,27 34, 35 
120 20, 25 27, 29 16, IS 17,19 19, 22 31,31 43, 46 
23, 24 31, 32 : p 35, 37 


, 28 30, 31 37, 40 


212 28, 29 30, 31 34, 35 30, 30 28, 29 30, 31 28, 32 36, 36 
260 27, 28 29, 30 20, 31 31, 32 47,48 
1 85° F. 35° F. 55° F. s°F. 60°F. 35° F. 


* Impact values of these steels for R = 0.01 in. (V2 and V5 types of coupons) and for R = 0.039 in. (K-type coupon) are given in 
Table 8. ° 7) = Transition temperature. 


Table 8—Impact Properties of Steels 15 to 22, in the As-Received Condition (Values Are in Ft.-Lb.) 


I. Standard Charpy with keyhole notch (K-type coupon) 


Test 
femp., 
: Steel 15 Steel 16 -- Steel 1? Steel 18 ——Steel 19 Steel 20 Steel 21° Steel 22 
- 100 a 
~80 23 13, 14, 14 
50 2,6,15 16, 18 2,4 
10 2, 11, 20 
-35 5, 7 5,6 
30 11, 21, 22 (* 17, 18 5,6 
20 23, 25 5, 10, 12 3,6 3,6 11, 14,19 
j 10 18, 22 10, 10 15,19 
* 0 5,6 28, 20 17, 18, 3 24, 24 5,8, 1S 18, 20 17, 1S 


24 
23, 26 17, 23, 27 


26 


26, 28 18, 23 


31,34 


32, 34 32, 32 
140 36, 37 38, 40 


Te 18° F. —32° F -17° F. og 2 —38° F 10° F 90° F 15° F 
Il. V5-type impact coupon, unless otherwise stated . 
0 2,2 3,6 2,2 
20 2,2 3,6 2,3 1,2 
0 3,4 2,2 7,11 3,3 9 
8, 12 


4, 26 12, 16 
18, 22, 27 
10, 35, 41 


35, 35 19, 19 


17, 20, 22 


7, : 33, 38 


100 21, 21 33, 41 17, 20 20, 22 52, 54 24, 25 23, 30 17, 19 14, 15 
120 23,26 23, 25 50, 50 23, 23 20, 21, 27 53, 54 28, 28 29, 31 = 15, 17 
+O, 62 26, 2 28, 28 5, 65 20, 21 


29, 31, 31 30, 30 
ISO 20, 34 31,31 72, 73, 76 32, 32 35, 36 


212 34, 35 69, 70, 73 30, 32 29, 30 64, 67 29, 30 21, 22 
260 30, 32 34, 35 
To 95° F. 55° F. 90° F. 90° F 90° F. 75° F. 65° F. 95° F. 10° F. 80° F 


* V2-type impact coupon. * Same as V5-type, except coupon was 0.236 in. thick by 0.394 in. wide, with notch (R = 0.01 in.) milled 
across the thickness. ¢ 7) = Transition temperature. 


494-8 Bagsar—Notch Sensitivity WELDING RESEARCH SUPPLEMENT 


4 
60 10, 15, 24 
a 10 23, 25 
150 24,25 23,27 
160 24, 25 35, 35 
a) 
| 
| 
| 
lo 6, 11,13 2/, 28 
25 21, 21 
32 18, 30 29, 31 21, 23 21, 21 
15 28, 30 
60 33, 35 21, 23 
| 
al 20 10, 12 
32 2,3 10, 14 5,6 11,12 5,7 
#8 10 10, 13 
50 17, 18 12, 14 : 
60 4,7, 10 14,15 10, 15 16, 17 10, 11 
an 70 5, 6, 16 21, 24 
6,9,9 13, 14 12, 12 
27, 28 19, 20 
18, 18 22, 22 


tests on Steels 15, 18, 21 and 22, in the as-received con- 
dition, by the use of D-type coupon containing the 
standard notch of 0.0015 in. root radius. Included in 
this table are also results of tensile-bend tests on Steel 23 
in the as-received condition, with fractures in two di- 
rections: transverse, and parallel to the direction of 
rolling of the plate. In Table 4 are given the results of 
tensile-bend tests on Steels 16, 17, 19 and 20, all the 
steels being in the as-received condition, and in all 
Some of 
the data included in the latter table are based on pre- 
vious tests,! but have been included as augmentary 
data. The tensile test results obtained on Steels 15, 18, 


cases the fractures being transverse to rolling. 


21 and 23, in the as-received condition, are summarized 
in fable 5, in which tests T3-type tensile coupon was 
used. In the same table are also given data on Steel 17, 
obtaiaed on the as-received steel by the use of T2-type 
tensile coupon. Table 6 summarizes the bend test re- 
sults on Steels 18 and 23 in the as-received condition, 
also on Steel 23 in the annealed, normalized, water 
quenched, water quenched and aged, 5°7, cold worked, 
and 5°; cold worked and aged conditions, using DX- 
type coupon. 

In Table 8 are tabulated the results of impact tests on 
Steels 15 to 22, inclusive, by the use of types K and V5 


impact coupons, also V2-type impact test results on 
Steels 17 and 19, all these steels being in the as-received 
condition and with fractures transverse to rolling 
Table 9 summarizes the impact test results on Steel 23 
in the as-received condition by the use of types K, V2 
and V5 impact coupons, with fractures parallel, and 
transverse to rolling. Paralleling the bend tests sum- 
marized in Table 6, Steel 23 was also subjected to im- 
pacts tests using types K and V5 coupons in the an- 
nealed, normalized, water quenched, water quenched 


© cold worked and 


and aged, 5% cold worked, and 5 
aged conditions. 
cluded in Table 9. 
A comparison of the tensile-bend, tensile, bend and 
impact test results obtained on Steels 18 and 23, through 
the temperature range of — 100° to 212° F. 
Fig. 6. 


The results of these tests are also in- 


is shown by 
The transition temperatures are indicated by 
short vertical lines through the curves, which lines are 
not labeled. It is to be observed that the transition 
temperatures of Steel 18 determined by V5-type im- 
pact and the three types of tests of the cleavage-tear 
group are approximately the same, also that the transi- 
tion temperatures revealed by K-type impact tests are 
in round figures about 100° lower. The same situation 
prevails in case of the transition temperatures of Steel 


Table 9—Impact Properties of Steel 23, in Conditions Indicated (Values Are in Ft.-Lb.) 


I. Standard Charpy with keyhole notch (K-type coupon) 


Test 
temp., 
innealed 


\s-received 1s-received 


27, 30 


15° F. 


coupon, 


22, 24, 2: 
29, 30, 31 
29, 30 
110° F. 


Water 
quenched 
and aged* 


Cold 
worked 
and aged* 


Water 


quenched 


Cold 
worked4 


Vormal- 
ized 


2, 
3, 

23, 
38 


20° F. -60° F 
unless otherwise stated 
2,2 4,5 
9, 11 


12 


V2-type impact coupon. 
after the treatment indicated. 
= Transition temperature. 


4 Stretched 5% in rolling direction. 
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» Fracture parallel to rolling; all others, fracture transverse to rolling of plate 
¢ Stretched 5% in rolling direction and aged as in footnote c 
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. Aged 1 hr. at 400° F 
tT, 


195-5 


j 
=| 
—90 : 11, 20 2,4 
75 : 16, 26 13, 37 
60 4 28, 32 27, 30 : 
10 2 3, 18 29, 31 29, 30 = 
20 2,3 3,4 23, 25 36, 37 32, 34 a3 
10 5,5 25 
0 5,5 2,2 29 40, 42 26, 37, 38 
15 10, 21 : 28, 41, 42 
32 18, 23 20, 22 6,7 31, 32 20, 39, 43 4.4 2,3 
45 24, 26 8, 24 : 
50 19, 21 
60 20, 30 24, 26 21, 26 50, 52 7 1,7 =a 
75 8, 19 9, 12 
87 31, 32 26, 27 , 37, 38 19, 51 14, 46 10, 22 12, 18 : 
. 100 28, 28 22, 25 19, 21 5 
120 23, 23 25, 25 ‘s 
140 30, 30 iz 27, 28 
To! 20° F 20° F. 60° F 80° F F. 
Il. V5-type impact 
: 20 ; 4,6 
0 2,2 2.2 6,9, 11 
10 3, 5 
32 5,6 5,6 6,6 1,5 2,3 8,9 10, 11,12 2,2 
50 
; 60 8, 12 8,8 5,7 1,4 13, 14 13, 18 ; 
\ 80 13, 14 11, 13 9, 10 6,9 18, 20 16, 18 14, 15, 20 4,5 ‘ 
17,17 12,14 5 
; 100 22, 26 17, 20 12, 13 11,13 20, 23 18, 19 11, 14, 24 6 
120 34, 36 18,19 23, 25 14,15 15,15 24, 26 23, 28 30, 31 9 6,9 2 
130 , 15 
140 30, 31 16, 17 18, 20 29, 30 25, 32 18, 25, 30 ,18 10, 11 
150 41,43 21, 24 5, 19 12, 14 ; 
; 160 17,18 20, 23 , 24 20, 26 » 
180 16, 49 } 37, 30 19, 19 24, 25 30, 30 30, 31 21, 29, 29 2, 25 22, 26 ; 
212 51, 52 43, 43 20, 20 26, 27 32, 32 29, 30 32, 33 3, 28 26, 26 ; 
260 63, 66 15, 46 25, 26 30, 30 
To! 115° F. 120° F. 95° F. 120° F. 70° F. 60° FP. 65° F. 135° F. 160° F. E 
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Fig. 6 Comparison of properties of Steels 18 and 23 at 

various temperatures as revealed by T3-type or tensile, 

DX-type or bend, and D-type or tensile-bend tests of the 

cleavage-tear group, and by types K and V5 tests of the 
impact group 

Transition temperatures are indicated by short vertical lines which 


are not labeled. The T, temperatures are similarly indicated and 
ta! 


23 determined by these different tests. In this figure are 
also shown the 7, temperatures of these two steels as 
revealed by types D, T3 and DX tests, this temperature 
being indicated by short vertical lines labeled 7,. The 
T,, temperature is defined! as being the highest tempera- 
ture at which the nominal vield and nominal breaking 
strengths of a given steel coincide. It is evident from the 
respective curves that while the transition temperature 
for a given steel in all these three cleavage-tear tests are 
approximately the same, the 7, temperatures indicated 
For both 
steels the highest 7, temperature occurs in the tensile- 


by these different tests are not the same. 


bend test. The multiaxial stress conditions developed 
in this coupon by the combination of tension and bend- 
ing, tend to raise 7, to higher temperatures. The in- 
termediate 7, temperature was observed in the tensile 
test, and the lowest in the bend test. It appears then 
that the 7, temperature can be varied considerably by 
the state and mode of application of stress. The 7, 
temperatures cannot be determined by the impact test, 
due to the inherent limitations of this test previously 
described. 

A comparison of Steels 15 and 21 under tensile-bend, 
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tensile and impact tests is depicted by Fig. 7. Due to 
the thickness limitation of Steel 21, subsize coupons 
were used for the impact tests of this steel, as indicated 
in Table 8. It is to be noted that the transition tem- 
peratures of Steel 15 revealed by the cleavage-tear tests 
likewise agree with those determined by V5 impact tests, 
within the experimental accuracy. The same applies to 
Steel 21, except the transition temperature of this steel 
is about 20° F. higher for the V5-type test than that 
shown by the tensile-bend test. A closer check could 
not be expected since Steel 21 was only '/, in. thick. 
The peculiar shape of the tensile-bend and tensile curves 
of Steel 21 is due to the fact that this steel, being only 
'’, in. thick, does not have sufficient rigidity to resist 
bending or buckling when the test temperature exceeds 
the transition temperature. Nevertheless, below the 
transition temperature the D-type test coupons of this 
steel remained rigid and fractured by cleavage. 

Similar curves for Steels 16, 17, 19 and 20 are shown 
in Fig. 8. The curves for V2-type impact tests are also 
included in this figure, for Steels 17 and 19. [t is to be 
noted that the transition temperatures of the latter two 
steels determined by cleavage-tear tests agree with the 
respective transition temperatures determined by V2 
and V5 impact tests, in the same manner as in cases of 
other steels discussed in the preceding two paragraphs. 
It is to be noted further that the transition temperature 
of Steel 17 determined by the use of the T2-tvpe tensile 
coupon is likewise about the same as that determined by 
the use of the D-type tensile-bend, and types V2 and V5 
impact coupons. This is significant, since it indicates 
that an edge-notched 2-in. wide rectangular tensile cou- 
pon could be effectively used for determining transition 
temperatures of steel plates. 

Figure 8 also shows that the transition temperature 


STEEL STEEL 21 
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8 
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te} 


100 200 -l00 100 200 


TEMPERATURE, IN °F 
Fig. 7 Comparison of properties of Steels 15 and 21 at 
various temperatures as revealed by T3-type or tensile, and 
D-type or tensile-bend tests of the cleavage-tear group. 
and by types K and V5 tests of the impact group 


Transition temperatures are indicated by short vertical lines 
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Fig. 8 Comparison of properties of Steels 16, 17, 19 and 20 
at various temperatures as revealed by T2-type or tensile, 
and D-type or tensile-bond tests of the cleavage-tear 
group, and by types K, V2 and V5 tests of the impact 
group 


Transition temperatures are indicated by short vertical lines 


of Steel 16, which is a steel made by the fine grain melt- 
ing practice, and that of killed Steel 19 determined by 
the tensile-bend tests likewise agree with the respective 
transition temperatures determined by types V2 and V5 
impact tests. In the case of Steel 20, which is also a 
killed steel of 2'/, in. in thickness, the transition tem- 
perature revealed by V5-type impact tests was found to 
be about 25° F. higher than that shown by the cleavage- 
tear tests. This difference is undoubtedly due to the 
effect of thickness of the plate, since in the D-type cou- 
pon the plate was tested in full thickness, whereas in the 
V5-type impact coupon the thickness was only 0.394 in 
Part of this discrepancy may also be due to the fact that 
the V5-type impact coupon was machined from the mid- 
thickness of the plate, thereby accentuating any non- 
homogeneity effects present. In all cases the K-type 
impact tests were found to show approximately 100° F 
lower transition temperatures than those shown by the 
cleavage-tear tests. In this connection it should be 
noted that the magnitude of the drop in nominal stress 
values through the transition temperature range is ap- 
preciably less in case of the killed Steels 16 and 19 than 
that in case of the semikilled steels. 

The effects of heat treatments, straining and aging of 


Steel 23 are presented graphically in Fig. 9. It is to be 
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observed that a close agreement likewise exists between 
the V5-type impact and DX-type bend tests with re- 
spect to transition temperatures of Steel 23 in each of 
the strain-aged, water quenched and normalized condi- 
tions; also that the transition temperatures indicated 
by K-type impact tests for the steel in the above three 
conditions are approximately 70 to 110° F. lower than 
those shown by types V5 and DX tests for the respec- 
tive conditions. In the annealed condition, the behavior 
of Steel 23 was found to be quite erratic in the bend test, 
and the transition temperature of the steel in this con- 
dition was estimated to be approximately 60° F. higher by 
this test than that indicated by the V5-type impact 
test. No irregularities were revealed by the V5-type 
impact tests on the steel in the annealed condition to 
account for this discrepancy. This observation is dis- 
cussed further in a subsequent section of the paper. 
Figure 10 shows the transition curves of Steel 23 de- 
termined by the use of types D and DX coupons, with 
machined as well as cold-pressed notches, and with 
fractures transverse and parallel to rolling. Transition 
curves for this steel are also included in this figure for 
fractures transverse and parallel to rolling, determined 
by use of types K, V2 and V5 impact coupons. In the 
lower portion of this figure are the respective curves for 
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Fig. 9 Comparison of properties of Steel 23 at various 

temperatures and in various heat-treated and strain-aged 

conditions, as revealed by DX-type or bend test of the 

cleavage-tear group, and by types Ak and V5 tests of the 
impact group 


Transition temperatures are indicated by short vertical lines 
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Fig. 10 Properties of Steel 23 at various temperatures, 

with fractures transverse and parallel to rolling, as re- 

vealed by DX-type or bend, and D-type or tensile-bend 

tests of the cleavage-tear group, and by types K, V2 and 
V5 tests of the impact group 

The curves obtained by the use of pressed and machined notches are 

shown in lower left field. Transition temperatures are indicated by 


short vertical lines. (See reference 1 of text for data on D-type 
coupons with machined notches.) 


tensile-bend and bend tests, and in the upper portion 
of this figure are the impact test curves. It is to be 
noted that with fractures transverse to rolling no sub- 
stantial difference exists between the transition temper- 
atures determined by D-type coupons containing ma- 
chined or cold-pressed notches. It is also to be noted 
that with DX-type coupons, a difference of only 10°F. 
could be found between the transition temperatures re- 
vealed by these two types of notching. The impact 
tests for fractures transverse to rolling confirm these 
transition temperatures, with the same margin of dif- 
ference as described in the preceding paragraphs. In 
the right-hand field of Fig. 10 are shown the curves for 
fractures parallel to rolling of the plate. In this ease no 
definite transition temperature for this steel was estab- 
lished by the D-type tensile-bend tests, although a fairly 
definite transition temperature is revealed by the DX- 
type bend tests. The transition temperature shown by 
the bend tests is, however, about 50 and 75° F., respee- 
tively, higher than that shown by types V2 and V5 im- 
pact tests. It appears that due to rolling in one direc- 
tion, some structural weakness is produced in steel 
plates in the direction parallel to rolling, which weakness 
is revealed by the cleavage-tear tests, but not by the 
impact tests. 

Figure 11 depicts at about one-half natural size the 
appearance of brittle and ductile fractures obtained in 
the three types of cleavage-tear test coupons used in 
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this investigation, on steels in the as-received condition 
and representing the thickness range of '/, to 2'/ in. 
In the top row are shown the fractures obtained by 
the use of D-type or tensile-bend coupons in the !/,-in. 
thick Steel 21, '°/\.-in. thick Steel 23 and 2'/,-in. thick 
Steel 20. In the bottom row of this figure are the frac- 
tures in DX-type or bend, and T3-type or tensile cou- 
pons of Steel 23. In all cases the brittle fracture is at 
the left and the ductile fracture at the right. The ductile 
fractures being produced by shear, run at an angle of 
about 45° to the rolled surface and give the respective 
sections a thicker appearance. It is to be observed that 
Steel 21 shows some buckling in the coupon fractured in 
the ductile manner. The ductile fracture in Steel 20 
changed its course through an angle of about 45° after it 
had penetrated approximately one-half of the depth of 
the test. coupon. 


DISCUSSION 


In the conventional tensile test the stress being uni- 
directional no rigid restrictions are present against flow 
at right angles to the principal stress. Consequently, an 
exaggerated index of ductility is obtained in this test, 
which ductility is normally measured by percentage 
elongation or reduction in the cross-sectional area of the 
test coupon. That the extent of ductility or toughness 
shown by steels in the tensile test is exaggerated is evi- 
dent by the fact that steels showing good ductility in 
this test may, under certain conditions, fail in structures 
of monolithic or massive design, exhibiting very little or 
practically no permanent deformation, due to the fact 
that in such structures multiaxial stress conditions are 
present which restrict lateral flow or deformation. 

With the idea of simulating service conditions as 
much as possible, notched test bars have been used in 
the past, since it has been known that a notch localizes 
the stresses, creates a state of multiaxial stress and 
thereby restricts flow or permanent deformation in the 
section under test. However, the behavior of a given 
steel is not the same with the use of notches of all types, 
so the problem of designing the proper notch to reflect 
the exact performance of steel under service conditions 
is quite involved. Theoretical and experimental evi- 
dence now available indicate that the theory of elastic- 
itv is inadequate to solve this problem. As the section 
is loaded to fracture some permanent deformation oc- 
curs at the base of most notches, which deformation pro- 
duces relaxation of stresses and therefore renders inap- 
plicable formulas based on the elastic theory. The ex- 
tent of such permanent deformations depends on the 
acuity of the notch and type of the material as well as 
the geometry of the section involved. Useful informa- 
tion on these details and on approximate evaluation of 
the effect of the geometry of the notch and of the section 
can be obtained by tests.' 

It has generally been assumed that the notch sensi- 
tivity of a given steel can only be evaluated by deter- 
mining the relative ductilities exhibited by the steel in 
notched and unnotched sections. Impact and other 
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tests are used for this purpose. For determining transi- 
tion temperatures, these tests are conducted at various 
temperatures; the average temperature at which a 
marked decrease occurs in the energy of fracturing is 
designated as the transition temperature of the steel 
It has also been generally assumed that steels which 
show low transition temperatures by these tests are less 
notch sensitive than those showing high transition tem- 
peratures. However, the data presented in this paper 
show that with the use of cleavage-tear tests the notch 
sensitivity characteristics, including transition temper- 
atures, can be more directly evaluated by determining 
nominal vield and breaking loads or stresses over a tem- 
perature range in which changes occur in these values 
In this case the average temperature at which the 
rate of change in the nominal breaking stress values is 
greatest isconsidered as being the transition temperature 
By determining the nominal yield and nominal break- 
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Fig. 11 Appearance of ductile and 
brittle fractures obtained in the three 
test coupon types of the cleavage-tear 
group, in steels '/; to 2'/, in. in thick- 
ness. In each view, the ductile frac- 
ture isat the right. Ductile fractures 
give the section a thicker appearance 
because they run at an angle of 45° to 
the rolled surface 


ing strengths, a second important temperature is estab- 
lished, which is the 7,, temperature. This is the highest 
temperature at which the nominal vield and breaking 
strengths coincide. The 7, temperature is another 
phase of notch sensitivity, and like the transition tem- 
perature, it is different for different steels. The cleav- 
age-tear tests appear to be simpler, vield more informa- 
tion on notch sensitivity characteristics, and are free 
from difficulties involved in evaluating local ductility. 
That the exact evaluation of ductility is complicated 
is illustrated by Fig. 6. A study of this figure shows that 
although the transition temperature of a given steel is 
indicated to be the same by the three different types of 
tests of the cleavage-tear group, the 7), temperature is 
not indicated to be the same by these different tests. 
It is obvious then that the extent of ductility or deforma- 
tion involved in tensile-bend, tensile and bend tests is 
not the same. The geometry of the notch, and the rate 
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of crosshead separation of the tensile machine used were 
the same in all these tests, but the geometry of the 
coupons and the manner of load application were not 
the same. In view of this it is apparent that aside from 
other factors the geometry of the test coupon and the 
manner of load application modify considerably the 
ductility of a steel. This situation could not be revealed 
as clearly by measuring local deformations on the dif- 
ferent types of test coupons used, say at or a certain 
distance below the notch, unless these measurements 
were taken at such relative locations which were known 
to yield comparable results. The cinematographic 
method of determining nominal yield and breaking 
strengths used in cleavage-tear tests is independent of 
such variations in local ductility, since it deals with the 
behavior of the test coupon as a whole and not with 
local deformations. 

For discussing the effect of notch geometry variations 
reference is made to Fig. 5. The curves for the D-type 
tensile-bend, and V5-type impact tests included in this 
figure show clearly that the influence of changes in the 
notch root radius is quite different in these two types of 
For the tensile-bend tests, shown in the left field 
of this figure, transition temperatures 7) decrease pro- 
gressively as the notch root radius is inereased, the 
logarithm of 7) in ° F. absolute being a straight line 
function of the logarithm of R. Accordingly, assuming 
that this relationship is valid for values of R approach- 
ing the dimensions of the head of cleavage cracks, the 
transition temperatures of the steels tested could be 
found by extrapolation to be within the range of about 
150° to 250° F. for cases where a cleavage crack acts as 
the notch.* 


test. 


In the impact tests the same straight line relationship 
of 7) and R exists only for notch root radii 0.01 in. or 
greater. For notch root radii 0.01 in. or smaller, 7’) = 
constant, that is, transition temperatures become inde- 
pendent of notch root radii. The work of other investi- 
gators® using another type of test seems to confirm the 
latter observation. Since impact test are insensitive to 
changes in values of R in cases where R <0.01 in., it 
appears that in such cases the effective value of the stress 
concentration factor is also constant and independent of 
R. These observations indicate that the ratio of notch 
root radius to coupon depth cannot be used as a basis 
for computing stress concentration at the notch. 
The experimental data presented in this paper show 
that under the standard test conditions used and for 
plates '/, to 1 in. in thickness, a close agreement is ob- 
tained in the determination of transition temperatures 
of steels by the cleavage-tear and V-notch Charpy im- 
pact tests, and that the cleavage-tear transition tem- 
peratures can be correlated with those determined by 
the use of keyhole-notched Charpy impact coupons. A 
summary of the transition temperatures established by 
these tests for the steels investigated is given in Table 
10 for ready reference. For convenience of compuri- 
son, the differences in the transition temperatures re- 
vealed by the use of types D, DX, K, V2 and V5 test 
coupons are included in Table 10. It is to be observed 
from Section I of this table that in the as-received con- 
dition and for fractures transverse to rolling, the transi- 
tion temperatures of a given steel determined by the 
tensile-bend, tensile and bend tests of the cleavage-tear 
group and by types V2 and V5 tests of the impact group 
agree with each other within an average margin of dif- 


Table 10—Comparison of Transition Temperatures Determined by Cleavage-Tear and Impact 
Temperatures Are in ° F.) 


Tests (Transition 


I. Steels in as-received condition 


Thickness, Cleavage-tear test types 
T - 


Steel in. Quality D 3 DX 
15 l sSemikilled 103 115 

16 l Killed 6S ‘ 

17 1 semikilled 83 

18 1 Semikilled 105 105 105 
l Killed Ho 

20 2'/4 Killed 120 

21 Rimmed -10 -10 

22 Rimmed 92 

23 5/6 Semikilled 110 110 120 
23 Semikilled* 170 


Average difference for 


Average difference for '/, to 1-in. thick plates: 


Impact test types 
V5 V2 K 


differences, ° F 


Db K V5 -K D V2 D-V6 
95 Is 85 77 
55 : —32 100 87 13 
90 90 —17 100 107 —7 7 
90 5 100 85 = 15 
65 75 38 103 103 —10 0 
5 10 110 85 25 
10° — 90° 8O 100 20 
SO ~—15 107 95 12 
110 115 20 90 90 —5 0 
95 120 20 er 75 
'/~ to 2'/,-in. thick plates: 97.3 94.0 11 
98 92 —7 7 


II. Steel 23 in conditions indicated 
Cleavage-tear test type ; 
DX, DX, Impact test types To differences, ° F. 
Condition pressed milled Vs V2 K DX — V6 - DX V5 
As-received, fracture transverse 120 110 110 115 20 100 90 10 
Stretched 5% at room temperature 150 135 SO 70 55 15 
5% stretched and aged 1 hr. at 400° F. 170 160 88 S82 72 10 
Water quenched 50 60 - 60 110 120 10 
Water quenched and aged 1 hr. at 400° F. 50 65 ~60 110 125 —15 
Normalized 85 70 20 105 90 15 
Annealed ISOC?) 120 45 135(?) 75 60(? 
As-received, fracture parallel ¢ 170 95 120 20 150 75 75 
Average difference for all conditions except annealed, with fractures transverse to rolling: 5 1 


= Transition temperature. 
* T2-type coupons; all others in this column, T3-type. 
parallel to rolling; all others, fracture transverse to rolling. 
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® Subsize coupon (6 mm. thick by 10 mm. wide by 50 mm. long). 
# Indeterminate by D-type coupon. 
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The transition tempera- 


ference of about 0 + 7° F. 
tures determined by the V2-type and V5-type impact 
tests are on the average about 7° F. higher and about 7 

10° F. lower, respectively, than those determined by the 


cleavage-tear tests. Inasmuch as the notch root radius 
is the same in types V2 and V5 coupons, the observed 
difference in the transition temperatures revealed by the 
use of these two types of coupon is to be attributed to 
the relative shallowness of the notch in V2-type cou- 
pon, and to the resultant tendency of the latter coupon 
to undergo more bending during fracturing than the V5- 
type coupon. 

It is also to be observed from Section I of Table 10 
that under the same test conditions the transition tem- 
peratures of a given steel determined by the K-type 
impact test (standard keyhole notch Charpy) are on the 
average 92-98° F. iower than those determined by the 
cleavage-tear and types V2 and V5 impact tests. How- 
ever, the differences in transition temperatures were 
somewhat greater than the above averages in Steels 20 
and 21, whose thickness was 2'/, and '/, in., respec- 
tively. The transition temperatures of Steels 20 and 21 
determined by the D-type test, are respectively, about 
25° F. higher and about 20° F. lower than the transi- 
tion temperatures determined by the V5-type impact 
test. Some such discrepancy would be expected, since 
in cleavage-tear tests the steels are tested in their full 
thickness and thereby the effect of thickness is inte- 
grated in the test results obtained whereas in impact 
tests the coupon from plates of different thicknesses is 
machined to a standard size, for which reason the effect 
of thickness is lost. Transition temperatures of steels 
with fracture parallel to rolling is discussed in the next 
paragraph. 

In Section II of Table 10 is given a similar summary 
of transition temperatures of Steel 23 in various condi- 
tions of heat treatments, including annealing, normaliz- 
ing, Water quenching, water quenching and aging, cold 
working, and of cold working and aging; also for frac- 
tures parallel to rolling, with the steel in as-received con- 
dition. It is to be noted that for a given condition the 
transition temperatures of this steel determined by the 
bend, and V5-type impact tests similarly agree with 
pach other. The discrepancies observed in the case of 
the steel in annealed condition and for fractures par- 
allel to rolling may be due to the probability that impact 
coupons being small are incapable of storing sufficient 
potential energy to be sensitive to anisotropic proper- 
ties of steel plates or to structural conditions favorable 
for cleavage crack propagation. The cleavage-tear 
tests, in which coupons of greater mass are used, pos- 
sess good sensitivity and reveal these conditions. As is 
indicated by the data given in Table 3 and the summary 
shown in Section II of Table 10, the transition tempera- 
ture of Steel 23, for fractures parallel to rolling, is inde- 
terminate by tensile-bend tests, within the tempera- 
According to bend tests, the 


ture range covered. 
transition temperature of this steel with the fracture 
parallel to rolling is about 50° F. higher than that with 
The an- 


fracture transverse to rolling of the plate. 
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nealed steel, according to cleavage-tear tests, is more 
susceptible to cleavage cracking, probably because 
annealing induces equilibrium conditions to prevail and 
produces structural rearrangements which render the 
cleavage planes more favorable for cleavage crack prop- 
agation. 

In this connection attention is called to the fact that 
greater resistance is offered to propagation of cleavage 
cracks by Steel 23 in water-quenched condition than in 
the as-received condition. This can be explained by the 
assumption that the cleavage planes are probably dis- 
torted or discontinuous in the quenched steel because 
of the martensitic transformation and the resultant lat- 
tice distortions brought about by this heat treatment. 
Normalizing likewise increases resistance of steel to 
cleavage crack propagation, but not to the same extent 
as Water quenching. Section II of Table 10 shows that 
in the water-quenched condition the transition temper- 
ature of Steel 23 is about 60° F. lower, and in the nor- 
malized condition about 40° F. lower than that in the 
as-received condition. In contrast to this, in the an- 
nealed condition the transition temperature of this steel 
is about 60° F. higher than that in the as-received con- 
dition. The superiority of the water-quenching heat 
treatment persists to subzero temperatures. That this 
treatment appreciably increases the resistance of the 
steel to fracturing is shown by the two curves in the 
right-hand field of Fig. 3, also by the curves in Fig. 9, 

It is apparent from the discussion in the preceding 
paragraphs that, within certain limits, the relationship 
of transition temperatures determined by impact and 
cleavage-tear tests can be expressed concisely by a sim- 
ple equation, such as that proposed by the author pre 
viously," ? this equation being: 

T. = T, — T. (1) 
in which 

¥ = Transition temperature in ° F. absolute, 
determined by keyhole-notched stand- 
ard Charpy impact coupon (K-type, 
Fig. 1). 

To = Transition temperature in ° F. absolute, 
determined by D-type cleavage-tear 
test coupon shown in Fig. 1, containing 
the standard notch of root radius R 
in. (Types T2, T3 and DX cleavage- 
tear coupons can also be included, 
since 7’) obtained by these and D-type 
coupons is approximately the same.) 

= T, — T. = T,C(1/R)4 

C and ¢d = Constants for a given steel in a given 
condition 

Equation 1 appears to be valid for correlating transi- 
tion temperatures determined by the cleavage-tear and 
impact tests, except in the following three cases: first, 
fractures parallel to rolling; second, annealed steel; 
and third, where the thickness of plates tested is outside 
the range of '/2-1 in. With these exceptions, the aver- 
age difference in the transition temperatures determined 
by the D-type cleavage-tear and K-type impact tests, 
as has been stated, is in round figures about 100° F., 
the maximum individual variations being within the 
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range of 85-103° F. Therefore, the average value of 7’, 
for this case is about 100° F. This value of 7’, holds 
also for correlating the transition temperatures deter- 
mined by the K-type and types V2 and V5 impact 
tests, since 7’) determined by types V2 and V5 impact 
and D-type tests is about the same (0 +-7° F.). 
Evidently, the notch root radius used in types V2 
and V5 tests (R = 0.01 in.) and that used in cleav- 
age-tear tests (2 = 0.0015 in.) are equivalent in the ef- 
feet of modifying transition temperatures. These val- 
ues of 7’, apply to the steels tested in as-received condi- 
tion, also to Steel 23 in normalized, water quenched, 
water quenched and aged, 5°% cold worked, and 5% 
cold worked and aged conditions. For steel plates '/, 
to 2' , in. in thickness, the average margin of correction 
to be applied to the value of 7, is about 0 + 15° F. 
The effects of section thickness and other conditions are 
treated in more detail in Appendix A, by equations of 
more general type. 

This agreement of the cleavage-tear and types V2 and 
V5 impact tests with respect to transition temperatures, 
and correlation of these with the transition temperatures 
determined by the K-type impact test are remarkable 
in view of the facts that: in impact tests the transition 
temperature determinations are based on energy of 
fracturing, whereas in cleavage-tear tests they are based 
on nominal breaking strength; the section depth sub- 
jected to fracturing, also the rate and manner of load 
application are quite different in the different types of 
tests used; the plate thickness range covered is fairly 
wide, it being '/, to 2'/,in.; the steels tested are numer- 
ous and of different qualities, rimmed, semikilled and 
killed grades being included; and the as-received con- 
dition as well as strain-aged and various heat-treated 
conditions are represented in the tests. It follows then 
that, so far as modifying transition temperatures is con- 
cerned, the effect of the notch root radius is relatively 
much greater than that of the loading rate or section 
mass. 

Although transition temperatures are important, 
cleavage-tear tests indicate that in order to evaluate the 
quality of a given steel with respect to notch sensitivity, 
it is necessary to determine other characteristics, in 
addition to the transition temperature. One of the most 
important of these characteristics is the 7, tempera- 
ture shown in Fig. 6 for Steels 18 and 23, which, as has 
been stated is like the transition temperature, in that it 
is different for different steels. Since at the 7, tempera- 
ture the nominal vield and nominal breaking strengths 
coincide, below this temperature no permanent deforma- 
tion occurs in the steel on a macroscopic scale, with 
the entire test section considered as a unit. This is in- 
dicated by the several curves in Figs. 3 and 6. It is im- 
portant to determine the 7, temperature because be- 
tween this temperature and the transition temperature 
some ductility or toughness is present in the steel which, 
although small, is probably sufficient in a number of 
cases to level off stress peaks and thereby to prevent 
possible cleavage failures. Figure 6 shows that the 
transition temperature of Steel 18 is 105° F. and that of 
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Steel 23 is 110° F., both according to tensile-bend test, 
yet by the same test the 7’, temperature of Steel 18 is 
32° F. and that of Steel 23 is —40° F. On the basis of 
transition temperatures alone, Steel 18 would appear to 
be of a somewhat superior quality than Steel 23, whereas 
the respective 7, temperatures indicate Steel 23 to be 
much superior to Steel 18. 

The 7, temperature then has practical significance 
and appears to account for the observation that the 
number of cleavage failures of all-welded ships increases 
greatly when service temperatures decrease from levels 
which are below the transition temperatures of ship 
plates. Transition temperature curves established by 
impact tests, or by tests which evaluate notch sensitiv- 
ity by transition temperatures alone, do not offer an 
explanation for this increase of failures, since no signifi- 
‘ant changes are indicated by the latter curves below 
the transition temperature range. Cleavage-tear tests, 
on the other hand, show that as the temperature de- 
creases the breaking strength decreases and the yield 
strength increases, indicating that the probability of 


failure by cleavage increases with decrease of tempera- 
ture. 

Another important phenomenon revealed by the 
cleavage-tear tests consists in the fact that in presence 
of sharp notches the breaking strengths of steels imme- 
diately below the transition temperature are consider- 
ably less than those at temperatures lower or higher 
than this range. This is shown by the several S, vs. 
T curves of Fig. 6. It is probable that the rise in 
breaking strengths of steels at temperatures above 
transition temperatures is effected by the work harden- 
ing and deformation associated with ductile fractures. 
The similar rise in the breaking strengths observed at 
the lower temperatures is probably in sympathy with 
the rise in the vield strength, the exact details of which 
mechanism are not clearly known. It appears worth 
while in future work to investigate just to what extent 
and how far down the temperature scale this rise in 
breaking strengths of notched sections of steels contin- 
ues. Nevertheless, it is apparent from the present work 
that steels require considerably higher stress to frac- 
ture at say — 100° F. than at temperatures moderately 
below their transition temperature range. This prop- 
erty of steels can undoubtedly be utilized advanta- 
geously in those low temperature applications where de- 
formations encountered are entirely of elastic type 

On the basis of the test data presented in this paper, 
it is possible to determine the transition temperatures 
as well as the 7, temperatures by a number of rather 
simple cleavage-tear tests, such as the DX-type bend, 
or the T-type tensile tests. The T-type coupon is a rec- 
tangular bar, either 2 or 3 in. in width, which is notched 
on one edge and broken in the conventional manner in a 
tensile-testing machine, at various temperatures. By 
plotting the yield and breaking loads against tempera- 
ture the above two important temperatures could be es- 
tablished. Similar data could also be obtained by the 
use of DX-type bend coupon. These coupons are cer- 
tainly less costly to prepare than the Charpy impact 
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The T-type coupons have the further advan- 


coupon, 
tage of being adaptable for testing tubular products in 
sections with full wall thickness. However, more funda- 


mental information is obtained by the D-type tensile- 
bend coupons, in which pronounced eccentric loading is 
used. The combination of straight tension and bending 
present in, and the greater mass of, the latter type of 
test coupon imparts greater sensitivity to the testing 
procedure, since while the section below the notch is 
rigid, the maximum stress is developed at the notch 
by eccentric loading. Furthermore, Fig. 6 also shows 
that the tensile-bend test reveals the highest 7,, tem- 
perature, which indicates that this test exhibits greater 
sensitivity for determining the 7,, temperature than the 
T-type tension or DX-type bend tests. In this connec- 
tion attention is called to the observation previously 
discussed that different T,, values are indicated by dif- 
ferent methods of stressing and by different geometries 
of test coupon. Further investigations are required in 
order to establish the details of the mechanism in- 
volved. 

Aside from their several advantages which have been 
discussed, cleavage-tear tests are applicable both within 
and without the ranges in which impact tests are sensi- 
tive, vielding within the sensitive range of impact tests 
the same transition temperatures as those obtained by 
V-notched impact tests (R = 0.01 in.). 
cleavage-tear tests could be considered as expanding 


Therefore, 


the usefulness of impact tests since, in the ranges where 
impact tests become inapplicable or insensitive, con- 
tinuity of results could be maintained by the use of 
cleavage-tear tests. 

It is obvious from the data presented that the temper- 
atures at which most of our present steels of pressure 
vessel and structural qualities in the as-rolled condition 
show appreciable ductility are considerably above at- 
mospheric temperatures, if sharp notches are present. 
Such notches could be present in some structures in 
the form of smal! cracks, defects or discontinuities, 
from which cleavage fractures could develop at atmos- 
There- 


fore, considerable improvements in the quality of steels 


pherie temperatures, with damaging results. 


are necessary in order to immunize them against this 
type of failure, under all conditions of service, the actual 
cost of which improvements is not known definitely at 
present. Steels made by the present fine-grain melting 
practice may not be the answer in all cases. Cross roll- 
ing and heat treatments are helpful, but may be found 
not effective ‘or all applications or services. For some 
services, alley additions may be required. In any case, 
these facts should be carefully considered and the de- 
sign and inspection details worked out so that structural 
discontinuities and defects are avoided. 

The killed steels as a group were found to be compara- 
tively less notch sensitive than the other steels of the 
same thickness, as has been discussed. The two killed 
Steels 16 and 19 were found to have considerably lower 
transition temperatures than the semikilled steels of the 
same thickness. The third killed steel, Steel 20, being 
2'/, in. thick was found to behave about the same as the 
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semikilled and rimmed steels so far as transition tem- 
perature is concerned, which behavior may be attributed 
to the effect of thickness of this plate. There was not 
sufficient stock left in killed steels to determine their 
behavior with respect to 7, temperatures. 

No definite relationship was found between grain 
size and transition temperature, within the range of 
grain sizes investigated. Steels 16 and 19 have consider- 
ably different grain sizes, but approximately the same 
transition temperature, the grain size of Steel 16 being 
8-9 and that of Steel 19 being 6—7. 
Steel 17 which has about the same grain size as the other 


Another example is 


semikilled steels, but a somewhat lower transition 
Likewise, no defi- 
nite relationship was found between the ratio of manga- 
nese to carbon contents and transition temperatures. 
This becomes evident by comparing the transition 
temperature of Steel 18 (Mn/C = 3.1) and the transi- 
tion temperatures of the other steels whose Mn/C is 


temperature than the latter steels. 


appreciably less than 3. In terms of its 7,, temperas 
ture, Steel 18 cannot be considered as being superior to 
the other semikilled grades. 

Previous investigations! have indicated that increas- 
ing the depth of sections beyond that of D-type tensile- 
bend coupon does not materially change the nominal 
breaking strengths or transition temperatures. The 
present investigation has shown that the effect of shick- 
ness and variations in notch root radii can be evaluated 
by cleavage-tear tests. Inasmuch as the effects of these 
variations in the geometry of the section and of notch 
can be evaluated by cleavage-tear tests, it appears that 
the latter tests offer a more suitable method of deter- 
mining notch sensitivity characteristics of steels than 
impact tests. Impact tests have the advantage of re 
quiring a comparatively small amount of metal for 
making the tests, but it is indicated that they can be 
used only with important limitations. By the use in a 
routine manner of some of the simple cleavage-tear 
tests described, it may be possible to determine which 
particular melting, furnacing and rolling procedures will 
sufficiently improve the quality of steels so as to make 
them more suitable for building of massive structures or 
pressure vessels of monolithic construction 

Aside from considerations of tensile strength, ductility 
and transition temperature, it seems that a suitable steel 
for above applications would be one which would suffer 
through the transition temperature range not more than 
say 30°) loss in its notch toughness as evaluated by 
standard impact tests or not more than about 10% drop 
in its breaking strength as measured by cleavage-tear 
tests, and whose 7’, temperature is at least 50° F. lower 
than the lowest temperature encountered in the in- 
tended service. These requirements could in part be ex- 
pressed in terms of the ratio of breaking to yield 
strengths at the service temperature, as determined by 
It is probable that steels 
meeting such a specification could be more econom- 


suitable notched-bar tests. 


ical and more serviceable than those specified solely on 
the basis of meeting an arbitrary transition tempera- 
ture. 
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SUMMARY AND CONCLUSIONS 


1. Notch sensitivity characteristics of nine open- 
hearth rimmed, semikilled and killed steels of structural 
and pressure vessel qualities, in the form of plates and 
representing the thickness range of '/, to 2'/, in., were 
evaluated by the use of several types of notched bar 
tests. The objects of this investigation were to explore 
the possibility of correlating the results vielded by these 
different tests and of determining whether or not any of 
the steels and testing methods would show any relative 
superiority over the others. 

2. Two groups of tests were used in this investiga- 
tion: cleavage-tear and impact. The cleavage-tear 
group consisted of tensile-bend or tear, tensile, and bend 
tests, using a different type of test coupon for each type 
of test; the impact group consisted of three series of 
tests using standard Charpy impact coupons, 10 mm. 
sq. by 55 mm. long, but a different type of notch for 
each series, these being the standard Charpy keyhole 
notch and V notches of 45° included angle with 2 and 5 
mm. depths. Both groups of tests were conducted 
within the temperature range of — 100 to 260° F., and 
the changes in certain properties of steels through this 
range were determined. The criterion of notch sensi- 
tivity used in cleavage-tear tests was the changes in 
the nominal yield and nominal breaking strengths, most 
of which values were determined cinematographically, 
and that in impact tests was the change in the energy of 
fracturing. 

3. The transition temperatures of a given steel 
tested in the as-received condition and with fractures 
transverse to rolling were found to be substantially the 
same by all tests of the cleavage-tear group and by the 
V-notched impact tests, the average difference between 
the different tests being about 0 + 7° F. for steel plates 
of ‘2 to 1 in. in thickness. This average difference was 
somewhat greater for plates '/, to 2'/, in. in thickness, 
it being about 0 + 15° F. A similar agreement was 
found in the transition temperatures of Steel 23 deter- 
mined by the tests mentioned in normalized, water 
quenched, water quenched and aged, 5°) cold worked, 
and 5°; cold worked and aged conditions. 

4. Noagreement was obtained in the transition tem- 
peratures determined by the cleavage-tear and impact 
tests on the steel in annealed condition, or with frac- 
tures parallel to rolling of the plate. This disagreement 
is attributed to the inability of the impact tests to re- 
veal anisotropic properties of steel plates and the vul- 
nerability of annealed steel to cleavage crack propaga- 
tion. The transition temperature of Steel 23 with frac- 
tures parallel to rolling was found to be indeterminate 
by the tensile-bend tests within the temperature range 
covered, and that determined by the bend test was esti- 
mated to about 50° F. higher than indicated by the V- 
notched impact tests. The transition temperature of 
this steel in the annealed condition, determined by the 
bend test was found to be at least 60° F. higher than 
that indicated by the V-notched impact tests. 

5. The transition temperatures determined by cleay- 
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age-tear tests, under the conditions and with the excep- 
tions discussed in paragraphs 3 and 4, were found to be 
about 100° F. higher than those indicated by the use of 
standard keyhole notched Charpy coupons, with an 
average variation of about + 15° F. from this figure. 

6. The transition temperature of Steel 23 was low- 

ered about 40° F. by normalizing and about 60° F. by 
water-quenching heat treatments, as compared with 
that in the as-received condition. Similarly, 50% cold 
working, and 5° cold working and aging raised the 
transition temperature of this steel about 30° and 50° 
F., respectively. 
7. The cleavage-tear tests, in addition to being free 
from the main limitations of the impact tests, disclose 
an important feature of notch sensitivity, which is the 
temperature at which the yield and breaking strengths 
coincide, and designated 7, temperature. This temper- 
ature has practical significance, since below the transi- 
tion temperature some ductility is exhibited by steels, 
the extent of which ductility is not the same for all 
steels. Although this ductility is small, it may be suf- 
ficient to level off the stress peaks in some cases and 
thereby prevent possible failures. This ductility de- 
creases as the temperature decreases and becomes zero 
at the 7, temperature, hence the importance of deter- 
mining the 7’, temperature. 

8. Decreasing the notch root radius R in cleavage- 
tear tests increases progressively the transition tempera- 
ture To, the logarithm of 7, in ° F. absolute being a 
straight line function of the logarithm of R, within the 
range tested. In impact tests the same relationship of 
Ty to R prevails for values of R 0.01 in. or greater, but 
for values of PR 0.0008 to 0.01 in. the transition tempera- 
ture remains the same and is independent of the notch 
root radius. It is probably for this reason that the same 
transition temperatures were obtained by the V-notched 
impact coupons with 0.01 in. notch root radius as by 
the cleavage-tear coupons in which the notch root ra- 
dius used was 0.0015 in. 

9. It is indicated that the ratio of notch root ra- 
dius to coupon or notch depth could not be used as a 
basis for evaluating stress concentration and stress grad- 
ients ut the notch. The data presented show clearly 
that, so far as modifying transition temperatures is con- 
cerned, the notch root radius has in general a much 
greater effect than the depth of the metal below the 
notch. 

10. Of the two V-notched impact coupons used in 
this investigation, the V5-type appears to be less sub- 
ject to errors introduced by bending during fracturing 
than the V2-type. This is attributable to the relative 
shallowness of the notch in V2-type coupon. 

11. The insensitivity of impact tests to changes in 
notch root radii PR in cases where FP is less than 0.01 in. 
can be utilized for reducing the scatter in impact test 
results. This can be accomplished by specifying the 
notch root radius dimension for V-notched impact 
coupons to be say 0.01 + 0 —0.005 in., instead of speci- 
fying 0.01 in. as is the present practice. Tests show that 
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this change has no effect on the determination of transi- 
tion temperatures or on the impact values. 

12. On the basis of the test data presented, equa- 
tions are derived for correlating within certain limits 
the transition temperatures determined by cleavage- 
tear and impact tests. 

13. The pressing method used for notching cleav- 
age-tear test coupons does not appreciably affect transi- 
tion temperature determinations. 

14. The killed steels as a group show a somewhat 
lower transition temperature than the rimmed and semi- 
killed grades of the same thickness 

15. No definite relationship was found with respect 
to grain size and transition temperature. Similarly 
no relationship was found between the transition tem- 
perature and the ratio of manganese to carbon contents 
of a given steel. 

16. Cleavage-tear tests were found to have the fol- 


lowing inherent advantages over impact tests: 


a) A more complete picture of notch sensitivity is ob- 
tained, since by cleavage-tear tests the yield and 
breaking strengths ean be evaluated and the 7, 
temperature or the temperature of coincidence 
of the vield and breaking strengths can be de- 
termined. These are not revealed by impact 
tests 

(b) Cleavage-tear tests have greater sensitivity than 
impact tests for evaluating anisot ropy and re- 
sponsiveness of steels to cleavage crack propa- 
gation in the annealed condition; for evaluat- 
ing the effect of notches with small root radii; 
and for integrating the effect of thickness. 

c) Transition temperatures of as-rolled steel plates 
determined by cleavage-tear tests, within cer- 
tain limitations of thickness and conditions of 
heat treatment discussed, can be correlated 
with results obtained by conventional impact 
tests. In the ranges in which impact tests are 
insensitive or inapplicable, cleavage-tear tests 
could be used for obtaining continuity of test 
results. 

(d) Cleavage-tear tests can be made on an ordinary 
tensile testing machine, the test coupons used 
being simple and costing much less to prepare 
than those used in impact tests Of the cleay- 
age-tear tests, the tensile-bend test using the 
D-type coupon is considered to be a more sensi- 
tive test for determination of nominal yield and 
breaking stresses and the 7', temperature. For 
routine work, types T2, T3 or DX coupons can 
be used for testing of plates and possibly also 
tubular products 


17. The importance of routine tests is discussed and 
desirable improvements in steel quality are described. 
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Appendix A 


The equation given in the discussion section of the 
paper, 

T, = To — TC(1/R)* = T. — 7, 
includes only one variable term of notch root radius, 
this being the notch root radius RP of the D-type cleav- 
age-tear coupon; the notch root radius of impact cou- 
pons is assumed to be a constant and conforming to @ 
standard dimension (K-type). This was done for the 
sake of simplicity. In order to obtain an equation of a 
more general type, the notch root radii of cleavage-tear 
and impact test coupons should both be considered. To 
accomplish this, reference is made to Fig. 5 of the paper. 
\s is shown in this figure for tensile-bend tests the log- 
arithm of transition temperatures in ° F. absolute is a 
straight line function of the logarithm of the notch root 
radius used. The same relationship is indicated to be 
true in V5-type impact tests for notch root radii of 
0.01 in. or larger. For notch root radii smaller than 
0.01 in., the transition temperature in the latter tests is 
a constant and independent of notch root radius, as 
indicated by Fig. 5. 
pressed by the equations given below, in which: 


These relationships can be ex- 


T) = Transition temperature in F. absolute de- 
termined by use of D-type coupon contain- 
ing a notch of standard depth (*/\¢ in.) with 
45° included angle and a root radius of Ro in. 
The use of types DX, T2 and T3 coupons 
(see Fig. 1 of paper) could also be included, 


since with the same notch root radius these 

coupons show the same 7’) as the D-type cou- 

pon. 

T, = Transition temperature in ° F. absolute de- 
termined by Charpy impact tests using V5- 
type coupon containing a notch of root ra- 
dius FR in. (see Fig. | of paper). The use of 
types K and V2 impact coupons could also 
be included without introducing any serious 
error. 

a,b, Q, U and W = Constants for a given steel in a 
given condition. 

fand g = Coefficients as defined by Equation 8. 

¢ = Correction factor for section thickness: for 

plate thickness range ' »-1 in., 4 = 1; for 

plates less than ' » in. thick, ¢ < 1; and for 

plates thicker than in., ¢ > 1. 


From Fig. 5 it is apparent that for tensile-bend tests 
the equation expressing 7) as a function of Ry is as fol- 


lows: 


log T, + a log Ry = log Q (2) 
the equivalent of which is: 
To = Q(1/Ro)* (3) 


In Equation 3 the reciprocal of Ro is used because of the 
negative slope of the 7) vs. Ry curves (Fig. 5). 

Similarly, for impact tests the following equation ex- 
presses 7, as a function of R,, with values of R, 0.01 in. 
or greater: 

log T, + b log R, = log U (4) 
the equivalent of which, as in the case of Equation 3, is 
the following: 

T = U(1 (5) 

The equation expressing 7, as a function of F,, for 
values of R, = 0.01 in. or smaller, is as follows: 

log T, = log W (6) 
or 
= W (7) 

By inserting proper coefficients and combining Equa- 
tions 5 and 7, Equation 8 is obtained, which expresses 
T; as a function of R, for all values of R,; within the 
range of 0.0008-0.085 in. investigated : 

T, = + gW (8) 


in which f = 1 and g = 0, if R,; = 0.01 in. or larger; 


and f = Oandg = 1, if R; = 0.01 in. or smaller. 
As has been indicated in the paper, the effect of thick- 
ness is not disclosed by impact tests, so that Equation & 
should be modified by a thickness term ¢, as follows: 
T, = + gW] (9) 
An equation relating 7) to T; can then be derived by 
combing Equations 3 and 9: 
Ry) + gW] 


By means of Equation 10 the transition temperature 
obtainable with the use of D-type coupon containing a 
notch of 45° included angle, */\. in. depth and a root 
radius of Ry in., for a given steel in a given condition, 
can be computed from the corresponding transition 
temperature 7, obtained by the use of the standard 
Charpy coupons containing a 45° notch of 5 mm. depth 


To (10) 


and a root radius of R, in., or vice versa, if the numerical 
values of the constants Q, U’, a, b and ¢ are known or eval- 
uated by tests. 

In this investigation the standard notch root radii 
used for cleavage-tear and V5-type impact tests were 
0.0015 and 0.01 in., respectively. For these conditions 
Equation 10 can be simplified to the following form: 
T.Q(1/0.0015)" 


(11) 


T = 

Since under standard test conditions the transition 
temperatures determined by cleavage-tear and V5-type 
impact tests are approximately the same for a given 
steel plate within the thickness range of '/2-1 in., that is, 
T, is approximately equal to 7), and ¢ = 1, it is apparent 
that the value of the term Q(1/0.0015)*/07(1 0.01)" 
in Equation 11 is approximately 1. 

For cases in which Ry = R, = R = 0.01 in. or larger, 
and the plate thickness involved is within the range of 
' »-1Lin., Equation 10 can be simplified to: 

T. = T,(Q/U)(1/R)~ (12) 

The exponents a and b are the slopes of the transition 
temperature vs. notch root radius logarithmic curves 
for cleavage-tear and impact tests, respectively, and 
Q and U are the characteristic constants for the respec- 
tive tests, the numerical values of which, for a given 
steel, can be determined by experiments. 
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Spot Welding of Heavy-Gage Structural Stee 


by Ernest F. Nippes and 
Robert F. Underhill 


SUMMARY 
T IS possible to satisfactorily spot 
weld pickled, and 
mild 


and gritblasted 


structural steel. In order to weld the 


*/ie- and '/¢-in. materials, such that 
the normal tension to shear ratios exceed 
15%, it is necessary to temper the spot 
weld in the material. Tempering can be 


done satisfactorily by cooling the spot 
weld and subsequently reheating to the 
temperature by the 


proper tempering 


passage of additional current while the 
material is still between the welding elec- 
trodes The recommended conditions for 
spot welding the five gage thicknesses of 
mild structural steel and for spot welding 
and tempering the and in 
thicknesses are given 

In addition, it was found that the elec- 
trode-to-metal interface t mperature pro- 
duced during the spot -welding of -in 
grithblasted mild structural steel is com- 
paratively the same whether the material 
Is Spot we lded according to pulsation 
welding practices or continuous welding 
in each 


practices, the total welding time 


ease being approximately the same. 


Ernest F. Nippes and Robert F. Underhill are 
with the Dept. of Metallurgical ngineering 
tensselaer Polytechnic Institute, Troy 


Scheduled for 
Annual Meeting 
of Oct. 17, 1949 


presentation 


at the Thirtieth 
A.W.S., Cle 


veland, Ohio, we 


® Satisfactory procedures have been developed for the spot weld- 
ing of heavy-gage structural steel up to' 
is desirable to 


temper the spot 


INTRODUCTION 


This program, approved and guided by 
Welding Research Com- 
mittee and by the Subcommittee for Spot 
Welding of Steels, was sup- 
» Welding Research Council of 
The object 


the Resistance 


financially 
ported by th 
the Engineering Foundation. 
of this investigation was the study of the 
spot-welding conditions for pickled !/s, and 
-in. mild 


gritblasted and 


structural stec] 


MATERIAL 


The chemical composition and mechani- 
cal properties of each of the gages of open- 
hearth shown in 


Table 1. 


mild steel used are 


EQUIPMENT 


\ Federal 175-kva toggle- 
operated resistance welder was used for 


press-type, 
spot welding. Welding current measure- 
ments were made by means of an Esterline- 
Angus recording ammeter Variations in 
the welding current due to change in 
secondary transformer impedance or line 
voltage were compensated for by a current 
regulator. 

The welding electrodes which were used 
are classified according to R.W.M.A,. as 
(;roup A, Class 2 The 
cooled with water maintained at 48-60° F 


electrodes were 


GENERAL PROCEDURE 


For the preliminary studies of optimum 


welding force and the effect of welding 


current upon weld diameter for various 


,in. in thickness. It 


in the heavier thicknesses 


welding times, the standard size normal 


tension and shear samples, as recom- 


mended in the R.WoM.A. Handbook, 


Instead, the test sample s were 


were 
not used 
cut to a length approximate ly equal to the 
widths of the 


recommended mechanical 


property test samples. Prior to welding, 
the various gages of mild structural steel, 
grit- 
The 


s-in. material was supplied with a pickled 


except the s in., were alundum 


blasted to remove the mill seale. 
and oiled surtace, which Was vapor-de- 
greased with and 
swabbed with carbon tetrachloride to re- 
Superficial 
was 
used to clean the surfaces of the samples 


tetrachlorethylene 


move the oil prior to welding 
grinding with a 100-grit emery belt 


which rusted during storage 

Normal tension and shear test samples 
were welded and tested in later sectiong 
of the work in accordance with the reeome 
mendations given in the R.W.M.A, Hands 


hook 


DISCUSSION OF RESULTS 
Welding and Forging Force 


The initial phase of the investigation was 
the determination of the optimum welding 
force that should be used in order to pro- 
duce sound welds, that is, erack-free and 
welds. It that 


necessary in mild struct- 


porous-tree was decided 
sound welds are 
ural steel, particularly if they are subject 
to fatigue-type stresses. By means of 
metallographic and radiographic examina- 
tions, it was found that, with the maxi- 
mum welding and forging force attainable 
in this laboratory, 13,500 lb., it was not 
welds in 


possible to produce porous free 


Gage 

Heat thickness, i 

Vo in % 
OAKO61 0.22 
OAKOG1 3/16 0.22 
2UDI181 0.24 
20D 181 0.24 
013662 0.29 


Table 


1—Chemical Analysis 


Vn, P, S, stre ngth, 
% 4 % psi 
0.47 0.008 0.032 64,580 
0.47 0.008 0.032 64,560 
0.45 0 015 0 033 62,900 

0.45 0.015 0 033 
0.50 0.009 0.032 68,340 


and Mechanical Properties 


Te nsile 


Yield Elonga- 

point, tion, Bend 
ps Q test 
40,260 27.5 OK 
$2,920 32.2 OK 
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° 


@45 CYCLES 
@60 CYCLES 


0.10 @75 CYCLES 


0.00 


“16000 21000 


26000 


31000 


WELDING CURRENT - AMPS 


Fig. 1 


Effect of welding time upon weld diameter vs. welding current charac- 


teristic curves for .-in. mild steel 


the '/¢, and '/:-in. specimens. To min- 
imize porosity, this maximum available 
foree of 13,500 lb. was applied to the 
*/~ and '/;in. material just prior to the 
completion of the weld cycle. Since an 
average sheet separation of 7% resulted 
when using the 13,500-lb. foree upon the 
welded '/«-in. material, a combined weld- 
ing and forging force of 12,500 Ib. was 
selected for minimizing the porosity and 
sheet separation in the '/,in. spot-welded 
mild steel. 

The welding force studies pertaining to 
the '/.-in. mild steel material showed that 
a welding force of 6000 Ib. sustained after 
the completion of the welding time pro- 
duced sound welds. A forging force of 
4000 Ib., in addition to the 6000 Ib. 
welding force, must be applied to spot 
welds in */,-in. material to produce the 
same results. The nominal weld diam- 
eters produced in the various gages of 
mild steel for the purpose of establishing 
the optimum welding or optimum welding 
and forging force are given in Table 2. 


Welding Time 


With the optimum welding force estab- 
lished for the spot welding of each of the 
mild steel thicknesses, the optimum weld- 
ing time for each was determined. The 
method used for determining the optimum 
welding time was the study of the effect 
of welding current upon weld diameter for 


As an example, a welding current of 
27,900 amp. and a weld time of 15 cycles 
produced no fusion weld in the ‘/.in 
material. An increase in welding time to 
30 cycles and a welding current of 28,000 
amp. resulted in a weld diameter of 0.47 
in. However, by increased welding times 
of 45, 60 and 75 cycles, maintaining ap- 
proximately the same welding current, 
the weld diameter increased only to 0.57, 
0.61 and 0.64 in., respectively. 

It is to be noted from Fig. 6 that the 
total weld time for the '/-in. material 
consisted of a preheat time and a welding 
time, the preheat time being one-half of 
the welding time. This welding sequence 
was necessary in order to produce the 
maximum diameter welds desired, with the 
welding current capacity attainable in this 
laboratory. 

Since the increase in weld diameter be- 
comes proportionately less with a given 
increase in welding time for a 

welding current, the 


given 


selection of an 


optimum — welding 


time is simplified. 


An optimum weld- 


ing time might be 


defined as one which 


will not produce a 


great variation in 
weld diameter for 


+— 


a varation in weld- 


WELD DIAMETER - INCHES 


| 070 


ELECTRODE 
DIAMETER MATERIAL 


ing current. In 
addition, if the se- 
lected welding time 


8. 


+ 
4 


+ 4-+ 


should vary slightly 


LJ 


because of the lack 


oot 
15000 20000 25000 


WELDING CURRENT - AMPS. 


Effect of welding time upon weld diameter rs. 
welding current characteristic curves for '/s- and */\«-in. 


Fig. 2 


mild steel 


4 Variation in welding time. The welding 
currents used were those which ranged 
between the formation of an incipient type 
weld to a weld equal to or slightly larger 
than the diameter of the electrode tips, 
or to a weld which expelled during the 
welding cycle. 

Graphic representations of the effect 
of welding current upon weld diameter for 
various welding times for the five different 
gage thicknesses are shown by Figs. 1-6. 
These graphs show that with an increase 
in weld time beyond the minimum selected, 
the increase in weld diameter for a given 
increase in welding current becomes less. 


Table 2—Welding Data 


Gage, Nominal weld 
in. diameter, in. 


0.55 
0 62 
0.82 
0.91 
1.03 


Total weld 


time, cycles 


Electrode tip 
tameter, in 


0.625 45 
0. 687 60 
0.875 240 
0.937 450 
1.125 600 


Nippes, Underhill 


Heavy Spot Welding 


30000 of proper control, 
this slight variation 
in welding time for 
a given welding cur- 
rent should not pro- 
duce a great vari- 
ation in weld diameter. On the basis 
of this definition, the optimum welding 
times, as shown in Table 2 for the five 
thicknesses of mild structural steel, were 
selected. 

It will be noted that there is an addi- 
tional weld diameter vs. welding current 
characteristic graph, Fig. 2, for the '/.- and 
3/\¢in. material. Since the original nom- 
inal weld diameters for both these thick- 


° 


° 
co} 


° 


+ 4+ 


© scrats 


010 + 


WELO DIAMETER INCHES 
° 


16000 21000 26000 3000 

WELOING CURRENT - AMPS 

Fig. 3 Effect of welding time upon 
weld diameter vs. welding current 
characteristic curves for * \-in. mild 
steel 
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: 
4 


nesses, as shown previously in Table 2, 
were found to be inadequate for reasons 
which will be explained in a later section, 
the electrode tip diameter was increased 
from 0.625 to 0.700 in. for the '/,-in. 
material and from 0.687 to 0.800 in. for the 
3/jein. material. A comparison of the 
resultant weld diameter vs. welding cur- 
rent characteristic curves of Fig. 2 with 
those of Fig. 1 indicates that for the '/s-in. 
material smaller weld diameters were pro- 
duced by the larger electrode diameter for a 
given welding current, whereas, with the 
‘/ie¢in. material, Figs. 2 and 3, larger 
weld diameters were produced by the 
larger electrode diameter. The slopes of 
curves in Fig. 2 for both the ! 
the */i-in. material are similar to the 


and 


slopes of the corresponding curves of 
Figs. 1 and 3. It is to be noted in Fig. 
2 that the weld diameter vs. welding cur- 
rent characteristic curve for the '/sin. 
material decreased somewhat at the weld- 
ing current value of 31,100 amp. This 
decrease is attributed to expulsion during 
the welding of the test sample 


Strength-Current Characteristics 


In order to establish the optimum weld- 
ing conditions for spot welding the '/s-, 
‘he, and '/.-in. mild structural 
steel, strength-current characteristic 
curves were determined in accordance 
with a previous investigation in this labo- 
ratory.? 

During the present investigation, the 
experimental work for establishing the 
welding conditions consisted of welding 
groups of three normal tension and three 
shear samples at various values of welding 
current. The welding current range for 
each of the five thicknesses of mild steel 
was that used for the study of the effect 
of welding current upon weld diameter for 
various welding times. The welding force, 
welding time and welding sequence for 
each of the materials were those given in 
the previous discussion concerning these 
variables. The forging force, which had 
to be applied to some materials to elimi- 
nate or minimize porosity, was applied ap- 
proximately 10 eveles before the com- 
pletion of the weld 

The normal tension and shear strengths 
determined for each group of as-welded 
samples of each gage thickness are given 
in Tables 3-7. The results of these 
mechanical tests are the average of three 
specimens, unless otherwise specified. 
Included with the mechanical properties 
are the average weld diameter measure- 
ments of either the normal tension or 
shear test specimens. The average weld 
diameter measurements In most cases con- 
sist of an average of average measure- 
ments; that is, the weld diameter meas- 
urement for each sample of any one group 
is an average of two weld diameter meas- 
urements at 90° to each other. This aver- 
age weld diameter was then averaged with 
the other of its group to give the average 
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Table 3—Average Mechanical Properties for As-Welded ‘/,-in. Pickled Mild 


Specimen 
Group _ Type 

1 
Shear 

2 8. 
Shear 

3 
Shear 

8. 
Shear 

5 8. 
Shear 

6 n. 
Shear 

7 
Shear 

eeee 
Shear*** 


Electrode Tip Diameter-0.625 in. 


Welding 
Current 
Amperes 
19,500 
19,500 
21,400 
21,400 


23,600 
23,600 


25,600 
25,600 


27,300 
27,300 


29,400 
29,400 


31700 


32,600 
32,500 


nw 


ee . ee 


on 


® average of 2 Teste Only 
*® Incipient Fusion Welde 


***Measurement for One Weld Only 


HO AD ON Wa 


t 


Structural Steel 


wn 


Weld 
Strength Diameter 
Lbs. 


Inches Failure Type 


Las 0.31 Shear 
4,555 ---- Shear 
880 0.31 Shear 
6,292 ---- Shear 
1,320 0.41 Shear 
8,300 ---- Shear 
1,350 0.49 Shear 
9,258 ---- Shear 
1,630 Shear 
9,850 Shear 
1,760¢ 0.62 Shear 
10,983 ---- 1 Plug and 2 Shear 
2,430 0.66 1 Ping and 2 Shear 
11,450 ---- lug 
2,700¢ 0.66*** 1 Shear and 2 Plug 
10,958 ---- Plug 


of the Three Welds Expelled During Welding 


Table 4—Average Mechanical Properties for As-Welded */-in. Gritblasted Mild 
Structural Steel 


Specimen 
Group _Type 
1 8. 
Shear 
2 N. T. 
Shear 
3 8. 
Shear 
4 
Shear 
5 N. T 
Shear 
6 
Shear 
? 
Shear 
8 
Shear 


Electrode tip 


Welding 
Current 
Amperes 


22,100 
22-,9D0 
23, 500 
23, 500 
25,000 
25,000 


26,400 
26 , 400 


27,800 
27,800 


29,400 
29,400 


31,100 
31,100 


32,000 
32,000 


Weld 
£ Sheet Strength Diameter 
Indentation Separation Lbs. Inches Failure Type 

2.3 0.3 1,560 0.25 Sheer 

2.3 1.0 8,850 o--- Shear 

2.5 0.8 2,660 0.37 Shear 

2.4 1.6 10,530 ---- Shear 

2.5 1.3 2,500 0.44 Shear 

2.7 1.2 10,440 Shear 

2.3 2.5 3,130 0.51 Shear 

2.6 2.6 10, 530 Shear 
3.1 3.7 2,850 0.58 Shear 

2.8 3.3 12,220 ---- Shear 

3.2 22 3,550 0.61 Shear 

3.3 m 13,960 ---- Shear 

3.9 5.3 3,810 0.65 Shear 

3.8 5.2 13,860 ---- Shear 

4.7 7.6 4,060 0.69 Shear 

5.0 6.7 14,370 ---- Shear 


diameter - 0.687 in. 


Table 5—Average Mech: 


Flectrode Tip 


*Ground on a 100 


**average of Two Teste Only 


Diameter - 0.875 


nical Properties for As-Welded '/,-in. Gritblasted Mild 


Structural Steel* 


in. 


ww 


ne 


Grit Belt to Remove Adhering Ruet F 


5,230 — Shear 
17,800 0.59 Shear 
,270 — Shear 
19,800 0.65 Shear 
6,350%° Shear 
21,300 0.73 Shear 
6,630 ---- 1 Partial Plug 
22, 800 0.81 Shear 
7,420 ---- Shear 
25,500 0.86** Shear 
7,680%* Plug 
25,400 0.93% Shear 


rior to Welding 


re Type 


& 2 Snear 
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c 
Sheet 
Indentalion Separation 
1.1 
0.8 
0.9 
1.6 
2.4 
be 
+3 
4.9 
5.3 
6.8 
9.3 
11.6 
10.9 
7.9 
9.0 
; 
7. 
|| 7 
Welding t Weld 
Specimen Current Sheet Strength Diemeter 
Group _ Type Amperes Indentation Separation _Lbe. inches : 
1 20,100 3.5 2,4 
; Shear 0,200 3.3 3.0 
2 ". T > 4.1 3.2 
Shear 21,800 3.6 3.9 
3 8. ?. 24 4.1 4.2 
Shear 24,000 3.8 
N. T. 25, BOO b, 
Shear 25,700 4,3 | 
5 N. T. 27,500 5.0 6.2 
Shear 7,600 5.1 6. 
6 a. 29,200 5.8 8. 
Shear 29,200 5.7 6." 


100 + + + + + + + + + + + wt.o + 
br + + + ; 5 + > + 
4 | 
= | Bee = 5 WELD TIME 
3° 30 WELO TIME a | 240 CYCLES 
1] | 
15000 20000 25000 30000 15000 20000 25000 30000 


WELDING CURRENT - AMPS. WELDING CURRENT - AMPS 


Fig. 4 Effect of welding time upon weld diameter vs. Fig. 5 Effect of welding time upon weld diameter vs. 
welding current characteristic curves for ' y-in. mild steel welding current characteristic curves for */;-in. mild steel J 


pe : ; weld diameter data as recorded in Tables 
Table 6—Average Mechanical Properties for As-Welded */:-in. Gritblasted Mild 3-7 
Structural Steel 


The average normal tension and shear 


Welding t Weld strengths for each group of samples were 

Specimen Current Sheet Strength Diameter ‘ 
Group _ Type Amperee IAentation Separation _Lbe “Inches Failure Type plotted against the average welding cur- 
1 7. 20,200 1.2 11,250 rent for that group. The resultant 
Shear 20,200 0.8 3 15,80 0.42 Shear strength-current characteristic curves for 
2 N. T. 21,900 1.4 0.9 13,300 Shear as-welded '/s-, °/s- and '/rin. 
a Shear 21,800 1.0 0.6 23,600 0.62 Shear mild structural steel are shown by Figs. 

3 24,000 1.2 1.2 14,750 Shear 

Shear = 24,000 1.3 1.8 29,700 0.77 Shear The normal tension curves for these 
4 N. ?. 26,000 1? 2.7 15,700 ---- Shear gages show a gradual increase with an 
36, 000 33,780 6.68 Cheer increase in welding current. The same 
5 2.0 3-2 17.200 Ping is true of the shear strength curves for the 
6 30,200 3.4 4.7 20,000 Shear the shear strength curve for the '/.-in. 
Shear 30,200 320 42° 600 1.06 Shear 
‘ material decreases slightly at the maximum 


welding current value, while the curve for 
the '/,in. material is nearly constant for 
@ Slight Extrusion of Metal Between the Welded Plates the last two values of welding current. 


Electrode Tip Diameter - 0.937 in. 


°* Average of Two Teste Only This decrease in shear strength of the ' /,- 
in. material is probably the result of ex- 


Table 7—Average Mechanical Properties for As-Welded | .-in. Gritblasted Mild Structural Steel* 


Weld 
Svecimen Current - Amperes % Sheet Strength Diameter 
i group Type Preheat oe Indentation Separation Lbs. In. Failure Type 
1 N. T. 20,000 25,300 1.4 0.3 12,280 ~ Shear 
Shear 20,000 25,100 17 0.5 32,700 0.58 Shear 
2 BS. F. 20,000 27,200 1.7 0.5 19,070 = Sheer 
Shear 20,000 27,100 1.7 0.8 34,900 0.69 Sheer 
3 20,100 29,100 1.7 1.0 25,220 Shear 
Shear 20,000 29,100 1.8 1.0 36,500 0.76 Shear 
nN. T. 20,000 31,100 1.9 0.7 26,500 Shear 
Shear 20,000 31,100 2.0 1.3 45,600 1.03 Shear 
5 N. 19,900 33,600 2.1 2.4 27,300 - Shear 
Shear 19,900 33,600 2.0 1.6 53,300 1.14%#*#* 1} Shear & 2 Plug 
5 N. 20,000 35,700 2.4 2.4 28,730 Shear 
Shear 20,000 35,500 2.5 2.8 55,050 1,.0h,eees# ) Plug & 2 Shear 


Electrode Tin Diameter = 1.125 In. 
@ Short circuiting occurred between the plates of each weld because of warped vlates. 
*@ Slicht extrusion of metal between the welded platee. 

*#@®@ Slight extrusion of metal between two of the three of the welded plates 

#e*@ Result of one test only. 
#*00@ Averace of two tests only. 
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Fig. 6 Effect of welding time upon weld diameter vs. welding current charac- 
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Table 8—Summary of As-Welded Conditions 


3/16" 3/168 


1/8* 


Welding Electrodes 0.625 0.70 0.687 0.800 
Tip Diameter - in. 10 10 10 10 
Dome Radius - in 
Truncated Cone Taper- 30 30 30 30 


(degrees) ---- --- ---- ---- 
Preheat Force —- ibs. 6,000 6,000 6,000 6,000 
Welding Force — lbs. ---- ---- ---- ---- 
Preheat Current - amps. 27,300 28,200 29,400 32,000 
Welding Current - amps ---- ---- ---- ---- 
Preheat Time - cycles 45 60 60 60 
Welding Time —- cycles 6,000 6,000 10,000 10,000 
Forging Force - lbs. 0.55 0.63 0.61 0.71 
Weld Diameter - in. 
Normal Tension Strength- 1,630 1,990 3,550 4,400 
lbs. (normal) 9,850 10,930 13,960 14,920 
Shear Strength-lbs. (normal) 
Normal Tension/Shear 16.6 18.2 25.4 29.4 


Strengths Ratio - % 


Material Gauge Thickness 


0.875 
10 


0.937 
10 


26,000 


360 
13,500 
0.88 


15,700 
33,780 


46.5 


1.125 
10 
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pulsion of two of the welds made at this 
current value. 

In order to establish the optimum weld- 
ing conditions for the five gages of mild 
structural steel from the strength-current 

curves, factors 
taken into consideration. First, the weld- 
ing current was selected so that, if it 
varied slightly during production welding 
of the material, the normal tension and 
shear strengths of the material would not 
be appreciably changed. Secondly, the 
normal tension to shear ratio was consid- 


characteristic two were 


ered satisfactory if it exceeded the arbitrary 
value of 45%. 

On the basis of these two factors, a sum- 
mary of as-welded conditions, for the five 
different gages of mild structural steel, is 
found in Table 8. It may be seen from 
the normal tension to shear ratio values, 
that the '/, and '/,in. materials 
did not meet the 45% specification. 
These low ratios are the result of the 
formation of brittle structural constituents 
at the periphery of the weld nuggets 
These are either martensitic in the case of 
the '/, in., or a mixture of martensitic, 
pearlitic and possibly ferritie constitu- 
ents in the case of the other two thick- 
mild steel. Further discussion 
of this microstructural condition will be 


nesses of 
given in the section entitled “Tempering.” 


Sheet Separation and Indentation 


The welding force caused sheet separa- 
outside of the weld area and the 
electrode indentation into the sheets or 
Measure- 


thon 


plates during the welding cycle. 
ments were made of the as-welded sam- 
ples of each gage thickness to determine 
whether the 10% sheet separation and 
5% indentation arbitrary maximum limits 
were exceeded. A diagrammatic sketch, 
showing the method by which these values 
were determined, is given in Fig. 12. The 
average sheet separation and indentation 
measurements for 


the as-welded normal 


512-s 


Strength-current characteristic curve for grit- 
lasted ' »-in. mild steel 


Nippes, Underhill 


aT 


% INDENTATION = =——— 100 


ae 


Fig. 12 Method for determining per cent sheet separation 


and per cent indentation 


tension and shear samples are given in 
Tables 3-7. The results of these measure- 
ments indicate that the sheet separation 
and indentation limits were not exceeded 
for any of the five gage thicknesses of 
mild structural steel welded according to 
the welding conditions specified in Table 
8. Although the '/-in. material was 
forged with a total force of 13,500 Ib. dur- 
ing preliminary tests, it was found that 
the indentation measurements 
the maximum limit of 5% in a majority 
Therefore, 
the forging force applied to the welds in 
the '/,-in. established at 
12,500 Ib. 


exceeded 
of cases, as shown in Table 5. 


material was 


Tempering 


As pointed out in the previous diseus- 


500 


HARDNESS - (V.P.N.) 


‘WELD TIME 
45 CYCLES 
WELD DIA 
| OS? | 


WELD TIME 
30 CYCLES 
WELD DIA 
| oss” | 


sion, the as-welded normal tension to shear 
ratios for '/.-, and mild struc- 
tural steel, welded according to conditions 
of Table 7 did not meet the desired mini- 
mum limit of 45%. A preliminary study 
was made to determine whether an increase 
in welding time would improve the me- 
chanical properties of the '/s and */j»-in 
materials. An increase in welding time 
would increase the over-all temperature 
of the material surrounding the 
nugget, and would decrease the cooling 
rate after completion of the weld. Thus, 
the formation of the complete martensitic 
structure about the periphery of the weld 
nugget could be prevented if the cooling 


weld 


rate did not exceed the critical cooling 
rate for the material. However, by 
means of Vickers hardness surveys across 
the transverse sections of welds? made at 


WELD TIME 
75 CYCLES, 
WELD DIA 
| 


WELD TIME 
‘60 CYCLES 
WELD DIA 
058" 
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Fig. 13 Hardness traverses for welds made in '/;-in. mild steel at various weld 
times 
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Table 9—Average Mechanical Properties for Welded and Tempered '/;-in. Pickled Mild Structural Steel 


Ratio Weld 
Specimen Current - Amperes Temver/Weld Strength N.T. Shear Diameter 
Group Type Weld Temper Current Ratio Lbs. Strength Inches Failure Type 


1 N. T. 1,710 Shear 
Shear 9,870 0.56 Shear 


2  ¢. 25,000 18,800 75.3 2,060 1 Partial Plug & 2 Plug 
Shear 25,000 18,800 75.3 10,330 20.0 0.55® 1 Shear & 2 Plug 

3 %. 2. 24,900 19,900 80.0 3,150 Plug 
Shear 25,100 20,100 80.3 10,780 29.2 0.56 Shear 


N. T. 25,000 20,500 82.0 3,020 Plug 
Shear 25,000 20,500 82.0 11,000 27.4 0.56 1 Plug & 2 Shear 


N. 7. 25,000 20,900 83.7 3,770 Plug 
Shear 25,000 21,000 34.0 11,200 33.6 0.56 Shear 


6 25,000 21,500 86.0 4,410 Plug 
Shear 25,000 21,400 85.6 11,320 38.9 0.56 Shear 


7 N. T. 25,000 22,100 88.4 2,930 1 Shear & 2 Plug 
Shear 25,100 22,100 88.2 11,390 25.8 0.55 Shear 


8 N. Tf. 25,000 22,500 90.0 3,370 Plug 
Shear 25,000 22,500 90.1 10,750 31.3 0.56 Shear 


9 N. T. 25,000 22,800 2,890 Plug 
Shear 25,000 22,900 91.5 10,950 26.4 0.56 1 Plug & 2 Shear 


® Average of 2 teate only 


various times in '/.- and */j-in. material, creasing the normal tension to shear ratio Except for the ‘/.-in. material, the sam- 
it was found that an improvement in to 45%. In order to properly temper the ples of each gage thickness used for the 
microstructure should not be expected, as materials, it was necessary to determine hardness survey were welded according 
shown in Figs. 13 and 14. Increases in the optimum cooling time between the to the summary of as-welded conditions 
welding time from 30 to 75 cycles for the completion of the welding and start of the in Table 8, prior to cooling and tempering 
'/<-in, material and 50 to 100 eveles for the tempering. The cooling time for each between the electrodes of the welding 


*/ye-in. material, caused no appreciable material was determined on the basis of machine. Because of equipment limita 

difference in the hardness of the weld mathematical calculations’ and previous tions, it was necessary to increase the 

nuggets experimental results from this laboratory.* welding time for the '/,-in. material from j 
Therefore, tempering of the three dif- The cooling times selected were confirmed 15 to 60 cyeles. The optimum cooling 

ferent gage thicknesses was used for in- by means of Vickers hardness surveys times for the !/<, «- and '/-in. mild 


Table 10—Average Mechanical Properties for Welded and Tempered '/;-in. Pickled Mild Structural Steel 


Temper 


Weld % % Ratio Weld 
Soecimen Current-Amperes Current % Sheet Strength N.T. Shear Diameter Failure 
Group Tyoe Weld Temoer Ratio Indentetion Senaration Lbs. Strength Inches Type 


1 ot. 2 o2 7.4 1,990 Shear 
2 --- ol 7.0 10,930 18.2 ---- Plug 


Shear 


2 28,200 22,500 79.8 2,820 Plug 
Shear 28,200 22,500 79.8 2.7 6.5 11,570 24.4 0.62" 1 Shear & 
2 Plug 


Plug 
Shear 


N. T. 


Plug 
Shear 


Plug 
Shear 


Plug & 
Shear 
50.1 0.64 Shear 


ne 


Shear 28,200 26,406 93. 


N.T 28,200 27,200 2 3,970 Plug 


Shear 


N.T 
Shear 


® Average of 2 testa 


*® Average of 1 test 
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3 a 28,200 24,800 88.0 2.5 6.5 3,680 | : 
Shear 28,200 24,700 87.6 2.5 73 12,650 29.1 0.63 : 
N. T. 28,200 25,300 89.7 2.9 567 4.270 
‘ Shear 23,200 25,200 39.4 2.5 6.4 12,980 32.9 0.63 : 
5 28,200 25,900 91.8 2.0 6.5 5,850 | 
Shear 28,200 25,900 91.8 2.4 6.6 13,370 43.7 0.64 
6 28,200 26,400 93.6 209 5.6 6,480 
a 28,200 27,200 96.5 2.9 5.8° 12,120 32.7 0.63 Shear 
28,200 27,600 97.9 6.9 4,250 2 Fang 
|_| 28,200 27,600 97.9 233 6.0 12,220 34.7 0.62 1 Plug & 
2 Shear 
1y 
‘ 


structural steel were found to be 200, 240 
and 240 cycles, respectively. 

Since previous experimental results* had 
shown that the tempering time for material 
‘/s in. and greater in thickness should be 
twice that of the welding time, the tem- 
pering times established for the '/«, 
and materials were 120, 120 
and 480 cycles, respectively. 


400 


The experimental results for the estab- = 
lishment of strength-current character- z 
istics for these three gages of material are >300 
given in Tables 9-13. These include the wo 
average weld current, temper current, weld be 
diameter, weld strengths, as well as the per z 
cent ratios of temper current to weld & 
current and of normal tension to shear Z 200 


strength for each group of welded samples. 
The graphic representation of these re- 
sults are shown by Figs. 15-19. 

Examination of the data will reveal that 
there are two sets of results for both the 
and 
spond to two different nominal weld diam- 
eters for each thickness. 

The following resv!'s obtained 
from '/ and #/,-in. materials which had 
been welded according to the conditions 
in Table 8 for the smaller weld diameters 
and subsequently tempered: 


100 


materials, which corre- 


were 


+ + + + 

—t--+—-+- 
| 


WELO TIME WELD Time” 'WELO TIME” 4 
60 cyc.es, |/ 75 CYCLES. 100 CYCLES 
WELD DIA WELD DIA WELD DIA 
oes” | | Ose” ose" 
0 50 0 500 50 


500 
SPACING OF PENETRATIONS - (0.020*) 


times 


the data for welding and tempering the 
'/-in. material, which shows a favorable 


: normal tension to shear ratio. The 

Normal and '/rin. data are repeated from 

Nominal weld Normal tension sine the normal tension to shea 
in in. Ib. Ib. % ratios were satisfactory in the as-welded 

‘ig 0.55 3700 11,200 33.0 conditions, 

6 0 62 6500 18,500 35.1 As may be seen from Tables 9-13, the 
10% sheet separation and 5% sheet 
indentation arbitrary maximum limits 

Since these normal tension to shear be seen in Table 14, a compilation of opti- have not been exceeded for the samples 


ratios were considerably below the mini- 
mum value of 45%, the welding and tem- 
pering conditions were investigated for 
As may 


larger nominal weld diameters. minimu 


diameters 


mum welding conditions, the normal ten- 
sion to shear ratios for the larger weld 

the 
Table 14 also includes 


exceed 
m limit. 


15000 
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structural steel 
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Fig. 14 Hardness_traverses for welds made in */\-in. mild steel at various weld 


welded and tempered according to the 

optimum conditions given in Table L4. 
In order to show what effect tempering 

had upon the hardness of the welds in 
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Fig. 16 Effect of tempering upon weld strength of ‘ .-in. 


structural steel 
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Fig. 17 Effect of tempering upon weld strength of */\5-in. Fig. 18 Effect of tempering upon weld strength of */\«-in. 
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Table Ll—Average Mechanical Properties for Welded and Tempered */,-in. Gritblasted Mild Structural Steel 


Temver Current % Ratio Weld 
Sveciien Current-Amperes Weld Current Strength N.T./Shear Diameter 
Jroup Type Weld Temper Ratio Lbs. Strength Inches Failure Type 


1 29,400 ---- --- 4,100 Shear 
Shear 29,400 ---- --- 15,870 25.8 0.65 Sheer 


g. t. 29,300 22,000 7502 4,570 lL Shear & 2 Plug 
Shear 29,300 22,000 75.3 17,300 26.4 0.63 Shear 


N 


1 Plug,1lShear & 1 Partial 
Plug 


5,690 


29,300 


23,500 


29,300 23,400 8 17,700 32.1 0.62 Shear 


0 
0 6,830 1 Shear & 2 Plug 
0 


29,400 24,100 8 
8 18, 380 37-2 Shear 


24,100 


i. ¢. 29,400 24,700 83.9 5,970 1 Shear & 2 Plug 
Shear 29,400 24,700 84.1 18,700 37 3 0.63® 1 Plug & 2 Shear 
6 N. T. 29,500 25,500 86.3 7,800 1 Shear & 2 Plug 
Shear 29,400 25,200 85.8 18,700 41.8 2.691 Shear & 2 Plug 
N. T 29,400 25,800 87.9 6,050 1 Plug & 2 Shear 
Shear 29,400 25,800 87.7 16,600 36.4 0.61 Shear 
e BF 29,400 26,500 90.5 5,300 Plug 
Shesor 29,400 26,600 90.4 16,220 32.6 0.61 Shear 


* Average 


Res:it of 
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Table 12—Average Mechanical Properties for Welded and Tempered */,-in. Gritblasted Mild Structural Steel 
Temper 
Weld Ratio Weld 
Specimen Current-Amperes Current % ° Sheet Strength N.T. Shear Diameter Failure 
Type Weld Temper Ratio Indentation Separation Lbs. _Strength Inches Type 


B. 32,000 -<-- 4,400 Shear 
Shear 32,000 ---- 5 14,920 29.4 0.69 Shear 


5,770 Shear 
19,350 Shear 


6,450 Shear 
19,970 Shear 


32,000 24,000 
Shear 32,000 24,000 


8. 2. 32,000 25,800 
Shear 32,000 25,600 


N. T. 32,000 26,200 
Shear 32,000 26,200 


6,420 Shear 
19,620 Shear 


6,880 Shear 
19,570 Shear 


6,800 Plug 
19,780 1 Plug & 
2 Shear 


N. T. 32,000 26,800 
Shear 32,000 26,900 


. 
Ar Nr ON ow 


N. T. 32,000 27,600 
32,000 27,600 


WY WW WW FFE 


32,000 28,200 7,300 Plug 
32,000 28,200 19,920 0.72®* 1 Shear & 
2 Plug 


32,300 28,800 89.2 8,450 Plug 
32,000 28,800 90.0 19,480 Plug 


32,300 29,700 92.8 9,930 Plug 
32,000 29,700 92.8 19,400 Plug 


32,000 30,300 94.7 ? 8,920 Plug 
32,100 30,300 94.4 6 18,730 Plug 


32,000 31,200 97.8 6,400 Plug 
32,300 31,200 96.6 18,180 Plug 
® Average of Two Testa. ®* Result of One Test. 


Table 13—Mechanical Properties for Welded and Tempered '/,-in. Gritblasted Mild Structural Steel 
Temper 
Weld 5 4 % Ratio Weld 
Specimen Current-Amperee Current & Sheet Strength N.T. Shear Diameter Failure 
Type Weld Temoer Ratio Indentation Scparation Lbs. Strencth Inches Ty>e 


25,800 — 
25,800 ---- 


6,200 Shear 
24,730 5 0.81 Shear 


9,109 Plue 


25,900 20,700 < 
28,400 0.81 Sheer 


26,000 20,900 


11,920 
28,770 Sheor 


25,900 22,200 
25,700 21,900 


18,100 Plu> 
29,570 Plus & 
Shear 


25,900 22,700 
25,700 22,800 


NW WW Wn “Nw 


25,900 14,770 Plug 
25,700 26 28,930 plus & 
hear 


25,900 15,030 Plug 
25,900 Je 28,300 Shear 


25,700 12,980 Plug 
25,700 29,330 Shear 


25,700 ; 14,580 Plug 
25,800 25,000 ‘ 28,870 Plue & 
Shear 


® Ground on 2 109% ‘rit Emery Belt to Remove Achering Ruet Prior to Welding 


@® Averece of 2 Teate Only 
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Fig. 19 Effect of tempering upon weld 


strength of '/y-in. structural steel 


and '/-in. mild structural steel, 
Vickers hardness traverse surveys were 
made, the results of which are shown by 
20-24. 
resent the changes in hardness which occur 


Figs Figures 21, 23 and 24 rep- 


for and samples welded 
according to the conditions recommended 
Table 14, 


tempering 


for welding and tempering in 
with different 
currents, rated as percentages of the weld- 


but tempered 
ing current. Figures 20 and 22 represent 
similar changes which occur for the 

and win. samples, but with smaller 
nominal weld diameters, 0.55 and 0.61 in., 


respectively. 


The hardness surveys of particular 
interest are Figs. 21, 23 and 24. These 
indicate that tempering current is most 


effective in the range of 91.9 to 94.3% 
for th: -in. material, 90.0 to 92.4% 
ein, material and 80.6 to 88.0% 
The 


ranges deter- 


for the 


for the cin. material. recom- 


mended tempering current 
mined from the maximum normal tension 
to shear strength ratios in Tables 10, 12, 
and 13 for the 


rials are given in 


- and ' mate- 


Table 14 


readily seen that these two sets of tem- 


It may be 


pering current ranges, found from two 


different 
good agreement, especially 


mechanical properties, are in 
in the small 


gage materials. 


CONCLUSIONS 


From the results of this investigation 
pertaining to the spot welding of pickled 
-in. mild structural steel, the following 


conclusions may be mack 


] Conditions were established — for 


satisfactorily welding mild structural steel, 


» 3/8 and in. in gage thick- 
ness 
2. Because of the formation of a brittle 


structure about the periphery of the weld 


nuggets in and cin. mild 


structural steel, the resultant normal ten- 


sion to shear strength ratios for these 


materials did not meet the minimum ar- 
bitrary limit of 45% 
3. The and 


recommended — welding 


OcTroBEeR 1949 
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87.3 
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100 
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VICKERS PYRAMID INDENTATION SPACING -(0.020") 


Fig. 20 


tempering conditions, which were neces- 
sary to increase the normal tension to shear 
strength to over 45%, have been specified. 

1. The sheet separation and indenta- 
tion measurements for all reeommended 


conditions did not exceed the arbitrary 
limits of 10 and 5%, 
5 \ ickers 


tended to substantiate the selection of the 


respectively. 


hardness traverse studies 


recommended tempering conditions for 


“ier and '/y-in. mild structural steel, 


Appendix 


Supplementary to the establishment of 


Effect of tempering upon hardness of welds in 


'/s-in. structural steel 


optimum spot-welding conditions, an 


investigation was conducted to compare 
the effeets of pulsation welding and con- 
upon the eleetrode-to- 


tinuous welding 


metal interface temperature during the 


spot welding of */s-in. gritblasted mild 


structural steel. The chemical composi- 


tion and mechanical properties ol the 
material were the same as given in Table 1, 

The method of determining the elec- 
trode-to-metal interface temperature dur- 
ing the spot welding of */.- x 3- x 3-in. 
gritblasted and wire-brushed samples was 
that Polytechnic 


Institute during the previous investiga- 


devised at Rensselaer 


Vippes, Underhill 


Table 14—Optimum Welding Conditions 


Gauge Thickness 


228° 


Welding Electrodes 


Tip Diameter-in. 0.70 
Dome Radius-in. 10 
Truncated Cone Taper- 

(degrees) 30 
Preheat Force-lbs. ---- 
Welding Force-lbs. 6,000 
Preheat Current-amps ---- 
Welding Current-amps 28,200 


Preheat Time-cycles 
Welding Time-cyclee 60 


Forging Force-lbs. 6,000 

Cool Time-cycles 200 

Temper Current-% of Welding 
Current, amps. 2-95 


Temper Time-cycles 120 
Weld Diameter-in (nominal) 0.63 
Normal Tension Strength- 


lbs. (nominal) 5,850 
Shear Strength - 

lbs. (nominal) 12,120 
Normal Tension/Shear 

Strength Ratio - % 48.2 


316° we 


0.80 0.875 0.937 1.125 
10 10 10 10 
30 30 30 30 

6,000 6,500 6,500 500 

20,000 

32,000 25,800 26,000 31,100 

tts 200 

60 240 360 400 

10,000 12,500 13,500 13,500 
2b 2h 

91-95 87-92 ----- ---- 
120 4800 
0.71 0.81 0.88 1.03 


9,500 15,000 
19,100 29,000 
49.7 


15,700 26, 500 
33,780 45,600 
46.5 58.2 


Heavy Spot Welding 


30000 | 
Q 
+ + | + + + + + + + + + 
| 
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Table 15—Electrode-Metal Interface Temperature Results 
for * in. Gritblasted Mild Structural Steel 
(10 eyeles on, 10 cycles off, 7'/2 see. total weld time ) 
Electrode-Metal Weld 


Interface Diameter 


Weldi 
Coolant 


E 


52.5 


41,860 


s10 


41,980 


Sessszs 


Table 16—Electrode- Metal Interface Temperature Results 
for * <in. Gritblasted Mild Structural Steel, 50% Duty 
Cycle 
(20 eyeles on, 20 cycles off, 72/5 sec. total weld time) 

Weldin 


Curren 
r 


Electrode-Metal Weld 
Interface tameter Coolant 
r °r he tur 


34,620 57 


Seessas 


ER SELES 


Sample 
1 
2 
é 
é 
? 
é 
? 
1 
2 
3 
é 
7 
1 
2 
é 
? 


® Samples, (27/8 x 3 x 3 in.) wire brushed before being welded 


in order to remove atherthe ruet. 


Table 17—Electrode-Metal Interface Temperature Results 
for * in. Grithlasted Mild Structural Steel, 50% Duty 
Cycle 
(29 cycles on, 20 eycles off, 7'/; see. total weld time) 


Electrode-Metal Weld 


Welding 
Interface Diameter 
2 


Current Coolant 


50 


RAS S228 


ressscss weceocoo roseoooso 


Table 18—Electrode-Metal Interface Temperature Results 
for * in. Gritblasted Mild Structural Steel, l00G% Duty 
Cycle 
(7'/s see. total weld time) 

Electrode-Metal Weld 


Interface Diameter 
Temperature °F Inches 


Welding 
Current 


Amperee 


Coolant 
Temperature °F. 


55 


Irregularly shaped welds. 


Welding Machine: 
Welding Force: 


In order to compare the maximum ' 
Klectrodes: 


tion. 
interface temperature measurements ob- 


175-kva. Federal press-t ype welder 
6700 Ib. 
M.A. Classification 


Group A, Class 2 


tained by both pulsation and continuous 
welding, weld diameter measurements were 
made across the transverse section of each 
weld from which an interface temperature 
recorded. The 


weld diameter measurements correspond- 


measurement had been 
ing to the interface temperatures resulting 
from pulsation and continuous welding 
temperatures were plotted and are shown 
by Figs. 25-28. A tabulation of these 
results is given in Tables 15-18. 

The welding conditions used for making 
these tests were: 


Lower Eleetrode (containing thermocouple ) 
Tip Diameter: 1.125 in. 
Dome Radius: 10 in. 
Traneated Cone Taper: 30 

‘pper Electrode 
Tip Diameter: 1.125 in. 
Dome Radius, in.: none (flat) 
Truncated Cone Taper: 30 

Weld Time, Cycles: 


Pulsation, 50% Duty Cycle 
On Off Total 

10 10 450 

20 20 160 

20 29 435 


Continuous, 00% Duty Cycle: Total 450 


Nippes, Underhill—Heavy Spot Welding 


WELDING Rest 


-ARCH SUPPLEMENT 


I 33,860 848 croup 

is 35,710 890 I 35,200 871 i 
39,230 932 
3 932 41,150 93 
4 
II 33,860 822 
35,330 845 II 35,390 813 55 
37,120 877 37,630 871 
1 
| 928 83,400 935 
963 335 
111 34,050 803 50.0 5s 
35, Bhs III 35,140 836 58 
an 37,500 37,500 874 
*100 900 1,220 916 

40,830 878 42,980 948 

+020 1, 
5 Iv 460 86 
4 39,100 898 2? 170 908 
Bee 
46,020 989 

I Group Sample 

41,470 991 27900 970 

29,570 980 
34,430 66 62 30, 530 999 
3<, 
373120 II 22,920 803 59 
38,140 915 24,000 
39,240 921 2%, 960 871 
921 267110 900 
« 

390 rir 22,780 95 

38; 340 397 23,680 90 

| 39,230 928 351090 930 

bo, 380 960 28,240 959 
41,340 967 28,030 1,026 

Iv 34, 820 30,660 13035 
2 35,650 
37,180 890 Iv 56.5 
38/590 903 23. 80 3 
39,420 893 2h ,969 902 
30,590 998 
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WELD DIAMETER (IN.) WELD DIAMETER (IN) 

Fig. 25 Effect of 509% duty cycle (10 cycles on, 10 Fig. 26 Effect of 509% duty cycle (20 cycles on, 20 cycles off) upon 
cycles off) upon electrode-metal interface tempera- electrode-metal interface temperature 

ture 


ELECTRODE-METAL INTERFACE TEMPERATURE 
ELECTRODE -METAL INTERFACE TEMPERATURE (°F.) 


From a comparison of Figs. 25, 26 and the same when produced by pulsation or Illinois Steel Corp, for supplying the mild 
27 with Fig. 28, it is found that there is continuous welding, it is suggested that a structural steel for this investigation. 
no significant difference between the method be determined for measuring two Also, they are indebted to the P. R. Mal- 
electrode-to-metal interface temperature weld diameters normal to each other, for lory Co, for the resistance-welding elec- 
for spot welds made according to pulsation each of the test welds. Then the plot of trode material, 
or continuous welding practice. Although the interface temperatures vs. weld diam- 
there is some seatter of the points on the eters may give greater consistency than REFERENCES 
various graphs, two factors should be taken that which has been obtained by this 
into consideration when evaluating the investigation. 1. Resistance Welding Manual, 1946 R 

‘ ani vised Edition, Chapter 33, pp 509 
results. First, the deviation of the four The conelusion which is to be drawn > ~Hess, W. F.. Doty, W. I and Childs 
curves at any one weld diameter is not from these results is that there is little a, BA yyy 1 ae 
more than 20-30° F. Secondly, since the difference in the eleetrode-to-metal inter- — DING 24 (10), Re- 

weld diameters are a measure of only one face temperatures produced by continuous 3. Payson, Pete Savage, Charles H 

diameter rather than an average of two or pulsation welding for comparable total re - Alley 5 sce 

measurements taken 90° apart, these welding times and spot-weld diameters. 4. Doty, W. D., and Childs, W. J A Sum- 
‘ mary of the Spot Welding of High-Tensile Carbon 

measurements may not be entirely accu- and Low-Alloy Steels,” THe Wevoinc JouRNaL, 

<j . Research Suppl., 624-5 to 630-5 (1946 
rate. If further work is proposed to sub- ACKNOW LEDG MENTS «s, W. F., Doty, W. D., and Childs, 
stantiate the fact that electrode-to-metal 


J The Fundamentals of Spot Welding Steel 
interface temperature is comparatively The authors wish to thank the Carnegie- 593-8 (1947 


Plate,” Jbid., 26 (10), Research Suppl., 583-5 to 
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Look at the Record 
eee and weld with TOBIN BRONZE 


T's no passing fancy that has caused experienced 
I welders to depend on ANACONDA Welding 
Rods. These rods, especially Tobin Bronze*, have 
been their long standing choice where the depend- 
ability of the weld metal counts most. 


The reason is sound. It’s because bronze, when 
molten, alloys readily with the surface of almost 
any metal brought to a cherry-red heat. Low- 
temperature welding minimizes the residual 
stresses that often cause distortion and cracking. 


Why take a risk when you don’t have to? Use 
Tobin Bronze, ANACONDA 997 Low Fuming 
Bronze, or other ANACONDA Welding Rods for a 
reliable, fast weld that’s also easy to machine. 
Made by The American Brass Company, 


*Reg. U.S. Pat. Off, 


Waterbury 20, Connecticut. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ont. rt) 


24 Pages of Welding Rod Facts! 


New, 17th edition of ANACONDA 
booklet tells how to pick the best 
welding rod for the job. 
Characteristics and recom- 
mended uses of various welding 
alloys. Procedures for welding ~ 
specific metals. Practices to 
follow in oxyacetylene, 

carbon arc, metal are and 
inert-gas-shielded welding. 
Color-temperature conver- 

sion table. Be sure you get 

a copy. Write today. Ask 

for Publication B-13. 


You can depend on ANACON DA 


3 
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the {(/\JAIRCO No. 3 MONOGRAPH 


Another addition to Airco’s extensive line of gas-cutting machines will 
be coming off the production lines very shortly —the No. 3 Monograph, gas sha pe- 
an inexpensive, portable, oxyacetylene shape-cutting machine. 
The new No. 3 Monograph, lowest priced machine of its type (only cutting machine 
$695, including a manual tracing device, torch, tip, tubular rail, hose and 
carrying case ) will cut steel up to 8” thick in most any shape. Its cutting 
area is 32 inches by 4 feet 8 inches, and with the addition of 6-foot 
8-inch rails, the length of the cutting area can be extended as desired. 
Further, in addition to regular shape cutting, this new machine will 
also handle straight line, circle and bevel cutting jobs—all with a high 
degree of accuracy. 
The Airco No. 3 Monograph is portable—the machine itself weighs 
but 110 Ibs. and the tubular rail 35 Ibs. The entire unit is packed in 
a carrying case which can be conveniently handled by two men. 
SPECIAL TRIAL OFFER 
(Good in Continental U. S. A. Only) 
If you would like to try this machine for two weeks in your own 
shop on your own work, just drop a letter to your nearest Airco office 
or authorized Airco dealer and they will advise you how this can be 
arranged. If you would like a descriptive folder (ADC-660) about this 
unique, new shape-cutting machine, please fill out and mail the 
attached coupon. 


priced at only 


REDUCTION 


New York 17, N. Y. 


See one of the first Airco No. 3 Monographs Please mail your folder (ADC-660) describing the Airco No. 3 Monagroph. 
in operation at Booth No. 2126, iit 
National Metal Show, Cleveland, 


October 17th to 21st, 1949. 


Address 


Firm 


